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Abstract
This thesis compared the neuropsychological functioning of 51 people with schizophrenia
to 60 normal controls by administering a range of tests representative of executive
functioning. The clinical group was impaired, compared to controls, on 53 of the 57 test
indices, which provided evidence of executive dysfunction in this disorder. Significantly
inferior performance was observed on the Stroop Color and Word Test, Wisconsin Card
Sorting Test, Trails A and B, the California Verbal Learning Test, the Tower of London
Test, the Controlled Oral Word Association Test, Go No-Go and the Ruff Figural Fluency
Test.

The major empirical focus of this thesis was to explore the factorial structure of tests
representative of executive functioning in a sample with schizophrenia and a normal control
group by submitting the data to principal components analysis followed by orthogonal
rotation. The aim was threefold: to extract several cognitive constructs representing
separate aspects of executive functioning, to identify and elucidate the dimensions of deficit
in schizophrenia and to determine the stability of the factor structure identified by Levin
and colleagues (1996), in a sample of children with documented head-injuries.

Four distinct factors were identified in each of the groups. Inhibition and ConceptualPlanning factors were found in both groups. In the control group a Productivity-Strategy
construct was identified which was similar to the Productivity construct which emerged in
the clinical group. A Cluster factor unique to the group with schizophrenia was also
revealed. The detected factor structures provided validation for the factors identified by
IV

Levin and colleagues (1996). Inhibition, Planning and Conceptual factors were replicated
in all three populations and as such these appear to be robust, dissociable aspects of
executive functioning.

Differences between the factor structures of the schizophrenia and control groups were
further explored by the inclusion of additional variables in the factor analysis to facilitate
interpretation of the cognitive constructs. The results suggested that the group with
schizophrenia was experiencing volitional deficits such that the ability to make and carry
out conscious decisions may have been impaired and additionally, that some sort of
aberrant functioning may have been occurring. That is, the switching of certain variables
between the factors suggested that some kind of on-line, fluid resource allocation might be
occurring. The Tower of London was found to capture unique aspects of functioning in
schizophrenia, providing measures of apathy and disinhibition.

The stability of the control group solution was supported when the factor structure
remained essentially the same as the original structure when the additional variables were
added to the analysis, only two new constructs emerged—Clustering and Attention.

Correlation analysis did not reveal any consistent relationships between the factor scores
and the two syndrome model of symptom subtypes of schizophrenia or a higher
dimensional model, both derived from the PANSS (Kay, Fiszbein, & Opler, 1987). The
lack of consistent findings parallels the literature.
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*

This study supports the dissociation of executive functioning into separable components
and provides evidence of unique functioning in schizophrenia which may vacillate between
apathetic and disinhibited performance on demanding working memory tasks.
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1

Introduction: The Nosological Concept of
Schizophrenia

Schizophrenia is a clinical syndrome of extraordinary complexity and severity (Glahn,
2000). The lifetime prevalence rate is high, from 0.5% to 1.5%, (depending on definition),
morbidity is severe and mortality is significant (Siris, 2001). The concomitant financial cost
to society is great. Arguably, schizophrenia represents the most significant public health
challenge which results in more suffering for the individual and their families than any
other group of mental health problems (Andreasen & Carpenter, 1993; Bems, 1999;
Goumay, 1996; Kaplan, Sadock, & Grebb, 1994).

Schizophrenia often begins relatively early in life and persists, at some level, throughout
life, typically affecting all aspects of functioning. Victims often fail to attain critical
developmental milestones, such as marriage and independent living. It often leads to social
and economic isolation manifested by marked impairment in the ability to work, attend to
self-care and engage in social relationships (Bellack & Mueser, 1993; Dickerson, Boronow,
m

Ringel, & Parente, 1996).

Considerable debate exists about the defining features, boundaries, and subtypes of
schizophrenia. Indeed, its conceptual history contains many perspectives on the ‘essential’
nature of the disorder. Kraepelin was the first to identify schizophrenia as a distinct disease
in 1896 (Zee, 1995). Using the phrase ‘dementia praecox’ he delineated a syndrome that
typically began early in life (hence ‘praecox’) with pervasive and persistent dysfunction in
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multiple aspects of behavioural function and cognition (‘dementia’). Although Kraepelin
stressed the diversity of symptoms and signs occurring in dementia praecox, generally he
defined the characteristic features as a progressive disease with a chronic course and poor
outcome. Primarily, he thought that it was a disorder of volition or will and stressed the
importance of some symptoms, such as changes in affect and volition (Andreasen &
Carpenter, 1993; Zee, 1995).

Bleuler, in 1911, adopted a more cross-sectional approach and attempted to identify a group
of characteristic symptoms which were specific to schizophrenia and tended to be present
throughout the course of the disorder (though sometimes in mild form). For Bleuler, the
most important and fundamental symptom was fragmenting, or splitting, of thought
processes, which he referred to as ‘loosening of associations’. He renamed the disorder
schizophrenia, meaning split mind, to conceptualise and emphasise the fragmentation of
associations. Bleuler also distinguished a variety of other signs and symptoms as defining
symptoms, including autism (peculiar or distorted thinking), affective blunting, avolition
(loss of motivational interest), impaired attention and ambivalence. He considered
delusions and hallucinations to be accessory symptoms as they waxed and waned and
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occurred in other illnesses, such as severe depression with psychotic features. Bleuler’s
description defined a much broader and heterogeneous group of sufferers and he suggested
that Kraepelin’s term ‘dementia praecox’ be superseded by the term ‘the group of
schizophrenias’ (cited in Andreasen & Carpenter, 1993).

A third influential perspective in the evolution of the concept of schizophrenia was
provided by Schneider (1959). His approach was atheoretical and cross-sectional. Like
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Bleuler, Schneider emphasised diagnostically discriminatory symptoms which were
believed to be highly specific to schizophrenia. However, Schneider considered specific
psychotic, or ‘first-rank symptoms’ as cardinally important in the diagnosis. Schneider’s
‘first-rank symptoms’ comprised a group of bizarre and implausible delusions and
hallucinations such as, experiences of thought insertion, thought withdrawal, thought
broadcasting, voices conversing about the sufferer in third person or a running commentary
on the sufferers’ behaviour and experiences of externally controlled thought, movement and
impulse. Schneider’s concept of schizophrenia defined a group of acutely ill individuals
who were significantly different from those defined by Bleuler and Kraepelin (Andreasen
& Carpenter, 1993).

Currently, the Diagnostic and Statistical Manual of the American Psychiatric Association,
fourth edition (1994), (DSM-IV) is a widely used system for the diagnosis and
classification of schizophrenia spectrum disorders. The DSM attempts to achieve a
synthesis of the historical concepts of schizophrenia. However, given the heterogeneity in
schizophrenia’s presentation and its likely heterogeneity in pathophysiology and aetiology
it is important to recognise that the DSM merely presents a provisional construct based on *
an arbitrary, albeit well-informed consensus on the definition of schizophrenia. Achieving
consistency in the nomenclature allows communication between clinicians and researchers
and achieves an acceptable level of reliability (Andreasen & Carpenter, 1993).

The DSM-IV (American Psychiatric Association, 1994) states that no single symptom is
pathognomic of schizophrenia. Its diagnosis, therefore, involves the recognition of a
constellation of symptoms encompassing a range of cognitive and emotional dysfunctions
3

including perception, language, communication and inferential thinking, behavioural
monitoring, affect, fluency and productivity of speech and thought, hedonic capacity,
volition and drive and attention. Hence, the DSM-IV’s criterion for schizophrenia requires
a combination of characteristic signs and symptoms, (e.g. delusions, hallucinations etc.)
which have been present for a significant portion of a one-month period. Other symptoms
of the disorder must persist for at least six months. There must also be marked social or
occupational impairment.

Frith (1981, Corcoran & Frith, 1993, Frith, 1992) have attempted to elaborate an internally
consistent model which explains the psychological symptoms of schizophrenia, relatively
independently of biological findings. Frith’s cognitive model provides accounts of
delusions, hallucinations and poverty of thought and action which characterize some
individuals with schizophrenia. Briefly, it postulates that the symptoms of schizophrenia
can be linked to three fundamental deficits: a disorder of self-monitoring; failure in the
generation of willed action; and failure in the ability to monitor the intentions of others.

A number of studies support this view (e.g. Manschreck et al., 1988; Stirling, Hellewell, &'
Ndlovu, 2001; Williams, 1996). For example, people with prominent symptoms of
disorganisation of speech demonstrate abnormalities in a variety of lexical priming
paradigms, suggesting excessive activation of verbal associations (Manschreck et al.,
1988). Similarly, individuals with prominent reality distortion and disorganization
symptoms were impaired on negative priming paradigms suggesting a weakening of
inhibitory processes. Reduced inhibition was postulated to play a role in the occurrence of
positive symptoms (Williams, 1996).
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Langdon and colleagues (2000) have articulated a deficit model to explain delusions in
schizophrenia. Essentially, they posit that delusions result from dysfunction in the
cognitive system which produces, appraises and accepts beliefs. Moreover, bizzare
delusions are accounted for in their model by two specific impairments in the normal
cognitive system. That is, aberrant perception is caused by impairment in sensory and/or
attentional-orienting together with a collapse in normal belief appraisal. These researchers
(Langdon & Coltheart, 1999; Langdon, Coltheart, Ward, & Catts, 2001) also hypothesise
that poor mentalising is a crucial component in accounting for psychotic symptoms. They
report that defective mentalising occurs on a continuum and accordingly, can occur in the
normal population, particularly, in those prone to psychosis or psychotic-like traits.

Schizophrenia is a behavioural and experiential condition. Fundamentally, it is a disorder
of complex cognition and affect. Its diagnosis requires the presence of unusual cognitiveaffective symptoms, such as, delusions, hallucinations, disorganisation of spontaneous
speech, grossly disorganised or catatonic behaviour. These so-called ‘positive’ symptoms
are considered the hallmark of schizophrenia and reflect an excess or distortion of normal *
function. By contrast the ‘negative’ symptoms reflect a diminution or loss of normal
function, such as affective flattening (i.e. diminished, unresponsive facial expression),
alogia (i.e. poverty of speech) and avolition (i.e. inability to persist and/or initiate goal
directed behaviour). Negative symptoms are difficult to evaluate because they occur on a
continuum with normality and are non-specific. That is, they occur in a variety of disorders
such as depression, mood disorders and generalised anxiety disorder. They may be due to a
variety of factors, such as a social deficit (an inability to engage in socially appropriate
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behaviours), or as a consequence of positive symptoms, environmental under-stimulation or
demoralisation (American Psychiatric Association, 1994; Dworkin, 1992). Despite this,
loss of normal affective expressiveness is a defining criterion for the diagnosis of
schizophrenia (American Psychiatric Association, 1994).

Schizophrenia, as defined by DSM-IV criteria, is an extremely heterogeneous disorder and
there is substantial variation in the age and pattern of onset, clusters of symptom
manifestations, extent to which course of psychosis is episodic, nature of treatment
response, presentations of associated features, observed risk factors and long term course
and outcome (Andreasen & Carpenter, 1993). Moreover, gender differences have been
reported in symptom dimensions across the lifespan. Specifically aging has been
associated with increased severity of negative symptoms and decline of some positive
symptoms. Further, young men, less than 35, tend to experience more severe negative
symptoms while women in this age bracket tend to experience more positive symptoms,
(i.e. Schneiderian type symptoms). This trend is maintained in the 65-80 year age bracket
but for those greater than 80 the trend is reversed with women experiencing more severe
symptoms of disorganised thought as well as suspicion and hostility (Gur, Petty, Turetsky, *
& Gur, 1996).

Until fairly recently, schizophrenia was considered a functional rather than an organic brain
disease. This view posited that intellectual functions were fundamentally intact, or if
impaired, were secondary to the influence of psychotic symptoms. However, this position
is increasingly being questioned in light of data from both post mortem and neuroimaging
studies. Numerous studies have documented evidence of physiological and structural
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abnormalities in the brains of a subset of individuals with schizophrenia (Andreasen,
Swayze, Flaum, Alliger, & Cohen, 1990; Goumay, 1996). Ventricular enlargement has
been a key finding. Researchers have also found structural abnormalities in the temporal
lobes, basal ganglia, thalamus, corpus collosum and hippocampal formations. Studies of
cerebral metabolism have also linked hypometabolism of the frontal lobes with
schizophrenia (Chen & Ho, 2000; Lezak, 1995; Weinberger, Suddath, Casanova, Torrey, &
Kleinman, 1991). Neurological ‘soft signs’, and neuropsychological deficits, are
increasingly regarded as behavioural evidence of the fundamental neuropathology of the
disorder. Moreover, the effectiveness of neuroleptic drugs which act on the
neurotransmitter system provides further support for the view that schizophrenia is a
disease of brain neurochemistry.

There is also a high incidence of premorbid prenatal complications and childhood illnesses,
minor anatomical congenital anomalies and head injury among individuals with
schizophrenia which may account for the observed neuropsychological deficits in this
group (Ismail, Cantor-Graae, & McNeil, 2000). Alternatively, these may be risk factors for
the development of schizophrenia. As such, it has been suggested that schizophrenia is not •
so much a disease entity but rather a response to earlier cerebral insults. Issues such as
these raise questions not only about the aetiology but also the nature of the brain’s
involvement in this organic disorder (Lezak, 1995).

There is broad consensus that, as a group, people with a diagnosis of schizophrenia exhibit
impaired neuropsychological functioning. Impairment is diverse and manifests itself in a
number of neurocognitive domains, including compromised intellectual functioning,
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compared to the general population. Memory impairment in many mnestic systems
frequently occurs and these deficits are long term and typically stable over time (Leger,
Stip, Lussier, & Loo, 2000). Individuals with schizophrenia are also typically impaired on
measures of learning, which may be due, in part, to attentional and information processing
deficits which include, poor processing speed and capacity, impaired ability to focus and
sustain attention; slow reaction time and distractibility. The presence of executive
dysfunction, on both complex and simple measures, in schizophrenia is particularly well
documented, especially in those with longer disease duration (Evans, Chua, McKenna, &
Wilson, 1997; Lysaker, Clements, Wright, Evans, & Marks, 2001; Morice & Delahunty,
1996; Nathaniel-James, Brown, & Ron, 1996; Serper & Harvey, 1994; Stratta et al., 1998;
Suhr, 1997; Sullivan, Shear, Zipursky, Sagar, & Pfefferbaum, 1994). Executive
functioning refers to a diverse range of abilities including concept formation, cognitive set
maintenance, sequencing, cognitive set shifting and ability to self-monitor. Anticipation
and selection of goals, pre-planning, monitoring and the ability to use feedback are
fundamental elements of executive skills. Intact executive functioning is posited to be
crucial for competent performance in a complex world, allowing the individual to function
independently and carry out goal directed, adaptive self-serving behaviour (Goulden, 1999; *
Lezak, 1995). Hence, the consequences of executive dysfunction can be severe and
deleterious and this is the empirical focus of this thesis. The next chapter will review the
literature on cognitive impairments, with a particular focus on executive functioning in
schizophrenia.
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Cognitive Impairments in Schizophrenia

There is broad agreement that, as a group, people with schizophrenia demonstrate cognitive
impairment compared to controls on virtually all neuropsychological tasks (Heinrichs &
Zakzanis, 1998; Sartory et al., 2001). Impairment is generally present at illness onset (Gur,
Ragland, & Gur, 1997) and is not due to illness chronicity or neuroleptic treatment
(Parellada, Catarineu, Catafau, Bernardo, & Lomena, 2000), is stable over time (Heaton et
al., 2001; Rund, 1998) and is particularly marked in treatment-refractory schizophrenia
(Horowitz, 2001). However, no single cognitive deficit is pathognomonic for the disorder
and there is no consensus about which cognitive functions are the most affected, or indeed,
which measures are the most appropriate (Mohs, 1995; Rund, 1998). Moreover,
schizophrenia is a cognitively heterogeneous disorder, with individuals demonstrating
widely varying degrees, types and patterns of cognitive performance and deficits on
neuropsychological tests (Dickerson et al., 1996; Goldstein, Beers, & Shemansky, 1996;
Palmer et al., 1997; Strauss, 1993; Sullivan et al., 1994).

Indeed, some schizophrenia sufferers are neuropsychologically normal, or only mildly
deviant from normative expectations (Edelstyn, Oyebode, Riddoch, Soppitt, & et al., 1997;
Goldstein et al., 1996; Palmer et al., 1997; Strauss & Silverstein, 1986; Torrey, Bowler,
Taylor, & Gottesman, 1994). Estimates of the proportion of neuropsychologically normal
schizophrenics vary from 11% (Torrey et al., 1994) to approximately 55% (Strauss &
Silverstein, 1986). In a recent study, Palmer and colleagues (1997) categorised 30% of
schizophrenics as neuropsychologically normal according to global ratings from
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neuropsychologists. However, 23% of this subgroup still had isolated neuropsychological
impairments, specifically in learning (i.e. encoding and immediate recall). Only 11.1%
were without any performance deficits in any neurocognitive domain. In a similar study,
Koren (1996) identified a subgroup of 30% of schizophrenic patients as having normal
conceptual thinking and cognitive flexibility compared to other individuals with
schizophrenia. Yet, the neuropsychological functioning (attention, executive functioning,
motor speed and memory) within the unimpaired group was still impaired compared to
normal cohorts.

2.1

General Cognition

Schizophrenia is characterised by significant compromise in intellectual functioning (IQ)
compared to the general population (Barber, Pantelis, Bodger, & Nelson, 1996). Mean
deficits of between eight and ten IQ points have typically been reported in adults with
either early onset or adult onset schizophrenia (Russell, Munro, Jones, Hemsley, & Murray,
1997). Performance IQ has been found to be consistently lower than Verbal IQ, with
performance on Digit Symbol in particular typically below average (Goikoetxea et al.,
2001; Kremen, Seidman, Faraone, & Tsuang, 2001).

There is considerable controversy, however, over whether deficits in intelligence are a
result of the disease sequelae or whether they exist premorbidly. Compared to normal
controls, other psychiatric patients and first degree relatives, schizophrenia patients have
been reported as having significantly lower premorbid intellectual scores despite
controlling for gender, social class, ethnicity and years of education (Gilvarry et al., 2000).
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Moreover, intelligence scores have been reported as statistically lower and more variable in
children at risk for developing schizophrenia relative to normal cohorts (Cosway et al.,
2000) and children at risk for developing mood disorders (Ott et al., 1998). This difference
was not sustained into adulthood, yet this latter result may be spurious as participants with
IQ scores below 70 were excluded from the study (Ott et al., 1998). Low IQ scores in
childhood have also been associated with genetic vulnerability to schizophrenia (Davidson
et al., 1999; Goldstein et al., 2000). In childhood-onset schizophrenia declining IQ scores
are postulated to reflect an inability to acquire new information and skills as opposed to a
dementing process (Bedwell et al., 1999).

The stability of intellectual decline is also a contentious issue. Some studies suggest that
with illness onset there is a further decrease in intelligence. For example, some studies
report statistically significant declines in full scale and performance IQ after the onset of
psychosis (Forester, 2000; Kremen et al., 2001; Malla & Norman, 2001). Another study
(Ashton, 2000), examined change in cognitive functioning over approximately 45 years in a
group of schizophrenic patients who were World War II veterans. Despite controlling for
the effects of aging, psychiatric diagnosis and premorbid ability, the schizophrenic sample
demonstrated a significant decline in general and other intellectual abilities, except
vocabulary, relative to matched controls.

The National Adult Reading Test (NART) (Nelson & Willison, 1991) is commonly used to
assess premorbid IQ and some studies (e.g. Malla & Norman, 2001; Townsend, Malla, &
Norman, 2001) calculate discrepancy scores between the NART and the Weschsler Adult
Intelligence Scale (WAIS). However, the NART has been reported as not being a good
11
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predictor in clinical conditions such as schizophrenia (Crawford, Besson, & al., 1987, 1992;
Crawford, Parker, & Besson, 1988; Russell et al., 2000) and some suggest that test results
may be influenced or confounded by the disease process itself (Tracy, McGrory, Josiassen,
& Monaco, 1996).

Recent follow-up studies suggest that within the chronic schizophrenic population
deterioration in intelligence may not be progressive and is not related to disease duration
(Sheitman et al., 2000), rather, it typically occurs at onset of the disorder, yielding
relatively stable deficits (Dickerson, Ringel, & Boronow, 1991; Russell et al., 2000; Russell
et al., 1997; Tham, Engelbrektson, Liljenberg, & Aberg-Wistedt, 2000). Indeed, a
longitudinal study analysed the performance of 173 subjects on a range of
neuropsychological tests and reported that the only significant decline was on the Block
Design subtest from the Wechsler Adult Intelligence Scale-Revised (Cartagena, 2001).
Another recent study (Weickert et al., 2000a, 2000b), documented that 51.3% of a sample
of individuals with chronic schizophrenia experienced a decline of at least 10 points from
premorbid ability levels. However, current & premorbid intellectual ability was preserved
in 24.8% of the patients. Clearly, the disorder is also heterogeneous in terms of intellectual
functioning.

Schizophrenic patients with early onset of illness have been reported as exhibiting
significantly lower scores on intelligence tests than those with late disease onset. Thus, a
continuum of IQ deficit has been proposed whereby early onset patients manifest severe
compromise and late onset patients manifest intermediate impairment (Prosperini,
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Daneluzzo, Arduini, Stratta, & Rossi, 2001). Disproportionate deficits in cognition still
exist even after controlling for the effects of lower IQ in schizophrenia (Mortimer, 1997).

2.2

Age Effects

It has been suggested that the effects of ‘institutionalisation’ are responsible for cognitive
impairment in older schizophrenics. However, the relative influences of hospitalisation and
age on cognitive status of hospitalised individuals are confounded because age increases
with hospitalisation length. Yet, when age, duration of hospitalisation and education are
statistically controlled there is not a strong relationship between length of hospitalisation
and decline in cognitive abilities. This suggests that the increasing deficit seen in long-term
institutionalised schizophrenics represents no more than the normal aging phenomenon
normally found on neuropsychological test performance (Goldstein, Zubin, & Pogue-Geile,
1991).

2.3

Memory

Memory impairment frequently occurs in schizophrenia and these deficits are long term and
remain stable over time (Leger et al., 2000), even when intelligence levels are controlled
for (Stirling, Hellewell, & Hewitt, 1997). Such deficits are not restricted to a single
element of memory; rather many mnestic systems are disturbed. For example, episodic and
semantic memory are disproportionately impaired; that is, they are significantly
compromised compared to the overall level of general cognitive decline (Mortimer, 1997;
Tracy, Josiassen, & Bellack, 1995). New learning, long term memory, declarative memory,
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visual memory, verbal memory, memory for temporal order and procedural memory are
often impaired, particularly where tasks require subjects to develop and apply complex
strategies (Gopal, 1997; Schroder, Tittel, Stockert, & Karr, 1996; Willson, 1997). Implicit
memory and recognition abilities are typically preserved (Schwartz, Deutsch, Cohen,
Warden, & Deutsch, 1991; Tracy et al., 1995; Ueber, Stegmann, Brockmeyer, Berger, &
Olbrich, 2001).

Given the multiplicity of memory systems and the fact that memory deficits do not appear
to affect all individuals to the same degree, some researchers have suggested this
heterogeneity reflects differential impairment in certain subgroups with chronic
schizophrenia. Schroder, Tittle, Stockert & Karr (1996) used cluster analysis to separate a
group of chronic schizophrenics into four subsyndromes: delusional, negative symptoms,
disorganised and remitted. The delusional subgroup were reportedly impaired on
declarative memory tasks, this subgroup together with the negative syndrome group were
also impaired on procedural memory tasks. The disorganised subgroup manifested working
memory deficits. Liddle and Morris (1991) also separated a group of schizophrenics into
subsyndromes of (a) psychomotor poverty, characterised by poverty of speech, affect and
movement; (b) reality distortion, clinical features involve hallucinations and delusions; and
(c) disorganisation characterised by thought disorder and inappropriate affect. They
reported that only one group, psychomotor poverty, demonstrated impaired long term
memory. This group also displayed dysfunctional abstract thinking.
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2.4

Learning

Nathaniel-James, Brown and Ron, (1996) report that the amount of material recalled by a
group of people with schizophrenia was less than controls, yet, the rate of learning was
equivalent. Moreover, the use of categorical cueing facilitated learning. However, the
majority of studies report that individuals with schizophrenia are typically impaired on
measures of learning, including slower acquisition of serially presented verbal material and
psychosocial skill learning. This may be due, in part, to attentional and information
processing deficits (Corrigan & Toomey, 1995; Corrigan, Wallace, Schade, & Green, 1994;
Harris et al., 1996; Jeste, Gladsjo, Lindamer, & Lacro, 1996). Indeed, an absence of rapid
forgetting in both young and old schizophrenics, reduced tendency to utilise organisation
intrinsic in presented material and reduced benefits from strategies designed to increase
recall performance, suggests that the fundamental deficiencies are in the encoding and
retrieval of new information (Davidson et al., 1999; Heaton, Paulsen, McAdams, Kuck, &
et al., 1994; Saykin, Shtasel, Gur, Kester, & et al., 1994).

Impaired motor skill learning, measured by performance on a rotary pursuit task, has also
been demonstrated in both young and older chronic schizophrenics (Schwartz, Rosse,
Veazey, & Deutsch, 1996).

2.5

Information processing and attention

Despite Bellack’s (1992, p. 45) assertion that ‘information-processing system[s] [are]
substantially more intact than impaired’ there is a large body of evidence for information
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processing and attentional deficits in schizophrenia. For example, individuals with
schizophrenia demonstrate uneconomic data-driven information processing methods
(Stratta, Daneluzzo, Bustini, Prosperini, & Rossi, 1999) and a failure to process contextual
information so as to inhibit habitual responses, as well as a failure to maintain information
across delays (Stratta, Daneluzzo, Bustini, Prosperini, & Rossi, 2000). Further, poor
processing speed and capacity, impaired ability to focus and sustain attention, slow reaction
time, distractibility, dysfunctional sensorimotor gating, perceptual and conceptual
organisational deficits and reduced ability to encode and integrate diverse sensory stimuli
have been demonstrated (Bellack & Mueser, 1993; Brenner, Hodel, Roder, & Corrigan,
1992; Elvevag, Weinberger, Suter, & Goldberg, 2000; Gold & Weinberger, 1995; Harris et
al., 1996; D. Jeste et al., 1996; D. V. Jeste et al., 1996; Malla & Norman, 2001; Perlick,
Mattis, Stastny, & Teresi, 1992; Schroder et al., 1996; Silverstein & Palumbo, 1995).

These diverse, yet critical deficits are typically categorised as attention and information
processing impairments. These are widely used terms and seemingly simple concepts. Yet
they are often inadequately defined and difficult to quantify, even in normal individuals.
Part of this difficulty stems from the fact that they are very broad concepts which are
difficult to define operationally. Despite this, a number of paradigms have been utilised to
delineate information processing and attention dysfunction in schizophrenia. Techniques
include sensory gating, skin conductance orienting response, continuous performance task,
ocular motor functions, event related potentials, visual backward masking, span of
apprehension, reaction time and latent inhibition (Braff, 1993; McDowd, Fillion, Harris, &
Braff, 1993).

16

Efficient inhibition of irrelevant stimuli is a vital component of selective attention and
information processing. Research suggests that schizophrenics are unable to ‘gate’ or
screen out irrelevant stimuli or attenuate to disruption (i.e. adjust to interruption) (Suslow
& Arolt, 1998). One measure of sensory gating is prepulse inhibition. Essentially, strong
exteroceptive stimuli (e.g. tone, bright light) normally elicit an involuntary startle reflex.
This response can, however, be attenuated or inhibited when the startling stimulus is
preceded by a weaker pre-stimulus. It is hypothesised that this process acts to protect early
stimulus, or preattentive, processing. Prepulse inhibition is diminished in schizophrenics
who display large startle responses, the effect of which is a fundamental inability to
automatically filter sensory stimulation (Braff, 1993; McDowd et al., 1993).

Equally, deficits have been demonstrated on various other measures of inhibitory function,
such as habituation (a simple form of learning), span of apprehension (a measure of the
number of stimuli which can be attended to, apprehended, and reported in a single brief
exposure), negative priming (the ability to voluntarily inhibit attention to a target) and
continuous performance task (the ability to respond to an intermittently presented target
interspersed among other stimuli) (Braff, 1993; McDowd et al., 1993). Essentially, across
many paradigms individuals with schizophrenia manifest deficits in information
processing/attention when processing loads are high (Seidman et al., 1998), when there are
multiple tasks, distraction or other stressors, or when there is a demand for rapid and
efficient processing of information.

Information processing deficits have been documented in neuropsychologically normal
schizophrenia patients. Specifically, a group of remitted schizophrenic patients with
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normal working memory, uncompromised intelligence scores and relatively high
psychosocial functioning exhibited impaired information processing skills, as measured by
a backward visual masking task (Keri, Szendi, Kelemen, Benedek, & Janka, 2001).
Moreover, deficits in information processing contribute to and confound deficiencies in
other abilities such as memory (Brebion et ah, 2000).

2.6

Executive functioning

The presence of executive dysfunction in schizophrenia is well documented, particularly in
those with longer disease duration (Evans et al., 1997; Lysaker et al., 2001; Morice &
Delahunty, 1996; Nathaniel-James et al., 1996; Serper & Harvey, 1994; Stratta et al., 1998;
Suhr, 1997; Sullivan et al., 1994). Impaired functioning is evident on both complex
measures (e.g. Wisconsin Card Sorting Test and Halstead Category Test) and less complex
indices (e.g. Trail Making Test and the Stroop).

Abilities that reflect executive functioning include sequencing, concept formation,
cognitive set maintenance, cognitive set shifting and ability to self-monitor. The ability to *
anticipate, select goals, pre-plan, monitor and use feedback are especially important
elements of executive skills. Hence, intact executive functioning appears to be crucial for
competent performance in a complex world, allowing the individual to function
independently and carry out goal directed, adaptive self-serving behaviour (Goulden, 1999;
Lezak, 1995). Indeed, better executive functioning has been associated with increased
participation in skills training programs (McKee, Hull, & Smith, 1997) and an increased
awareness of one’s needs, superior facility to communicate needs and concomitantly, an
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increased ability to get needs met (Buhler, Oades, Leicester, Bensley, & Fox, 2001) (See
Appendix 4).

Chronic schizophrenics typically manifest performance below other psychiatric groups on
tests of executive functioning. For example, in a recent comprehensive review of the
literature effect sizes from 71 studies were cumulated across a range of executive
functioning measures. The performance by those with schizophrenia fell 0.40 standard
deviations below other psychiatric samples (Johnson-Selfridge & Zalewski, 2001; JohnsonSelfridge, 1998).

Moreover, schizophrenic performance on tests of executive functioning is similar to that of
moderate-to-severely brain injured patients, including those with frontal lobe lesions
(Pantelis et al., 1997). For example, on a series of tasks sensitive to ‘everyday’ executive
impairment, equivalent deficits were demonstrated by patients with schizophrenia and brain
injury on tasks involving planning, monitoring, switching and problem solving in unusual
or novel situations (Evans et al., 1997). Further analysis revealed that the impairment was
specific. That is, it was not due to a decline in general intellectual functioning, but rather
was due to relatively circumscribed deficits in planning and problem solving. Further,
these deficits were not associated with memory performance. It was concluded that
schizophrenia could be characterised by at least two separate areas of specific deficits—in
executive functioning and memory (Evans et al., 1997).

However, this is inconsistent with other research which has reported associations between
memory and executive function (e.g. Goldman, Axelrod, Tandon, & Berent, 1991;
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Nathaniel-James et al., 1996). Yet, these correlations only held for certain aspects of
memory, specifically, immediate recall, as measured by the California Verbal Learning
Test. Importantly, this relationship was absent in the normal cohorts. While
acknowledging that a causal relationship could not be assumed, it was concluded that this
result provided support for the involvement of the frontal lobes of the brain in memory
impairment observed in schizophrenia.

Executive abilities of forward planning, generating and shifting cognitive set and
abstracting information are also typically impaired in schizophrenia (Corrigan, Silverman,
Stephenson, Nugent-Hirschbeck, & Bulcan, 1996; Goldman et al., 1991; Morice &
Delahunty, 1996; Seidman et al., 1994). Abstracting information (especially in unfamiliar
situations) refers to the ability to deduce rules, patterns or meanings that are implicit within
the stimuli.

The Wisconsin Card Sorting Test (WSCT) (Heaton, Chelune, Talley, Kay, & Curtiss, 1993)
is commonly used in schizophrenia research to provide a measure of frontal and diffuse
dysfunction and has been demonstrated to be a valid index of abstracting ability and
conceptual flexibility or shifting behaviour. People with schizophrenia typically exhibit
impaired performance on a number of indices from the WCST (Axelrod, Goldman,
Tompkins, & Jiron, 1994; Metz, Johnson, Pliskin, & Luchins, 1994; Saoud et al., 2000) and
the perseveration score is reputedly a sensitive diagnostic indicator of the illness (Koren et
al., 1998). It has been postulated that people with schizophrenia have difficulty
formulating, but not implementing, an accurate cognitive set or schema. Specifically,
examiner cueing facilitated performance on the WCST (Heaton et al., 1993), putatively
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setting up an accurate cognitive schema which could be relied upon during performance
(Goldman, Axelrod, & Tompkins, 1992). However, other studies report that perseveration
levels are stable, despite various levels of cueing (Golman, Axelrod, & Tandon, 1991).

Perseveration in schizophrenic populations has been variously attributed to impaired ability
to profit from environmental feedback (Aksaray, Oflu, Kaptanoglu, & Seber, 2000),
deficiencies in abstraction and comprehension (Salvador, Cortes, & Galindo y Villa, 2000)
and incompetent inhibition of previously learned contextual rules (Amos, 2000).
Perseverative errors are defined as the continued use of incorrect responses previously
identified as correct in the preceding sorting category, or the persistence of incorrect new
hypothesis, despite negative feedback. Impairment on the number of categories achieved is
also commonly reported (Ilonen et al., 2000) as is the tendency to require more trials to
complete the first category (Cuesta, Peralta, & Zarzuela, 2001).

In addition to the WCST, people with schizophrenia characteristically demonstrate
impaired performance on a range of other tests commonly used to measure executive
functioning, such as the Trail Making Test, the Stroop Color and Word Test, Tower tests
such as Tower of London and Tower of Hanoi and tests of verbal and design fluency.
Moreover, these tests are generally sensitive indicators of brain functioning, particularly of
the frontal lobes.

For example, verbal and visual design fluency tests are reputedly sensitive indicators of
brain dysfunction and have been associated with frontal lobe damage. Deficits in verbal
fluency, as measured by the ability to generate words, are considered a familial trait marker
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for schizophrenia (Chen, Chen, & Lieh, 2000) and are commonly reported in the disorder
(Banaschewski, Schulz, Martin, & Remschmidt, 2000; Brekke, Raine, Ansel, Lencz, & et
al., 1997; Colquhoun, 1996; Crowe, 1996; Joyce, Collinson, & Crichton, 1996; Laurent et
al., 2000). Performance by those with schizophrenia during verbal fluency tasks tends to
deteriorate as a function of time—that is, as testing continues word production decreases
(Crowe, 1996). Performance during visual design fluency presents a different pattern.
Specifically, after an initial drop, performance tends to stabilise and become consistent.
That is, subjects initially produce a greater number of designs but after a marked drop off a
stable production rate is sustained (Crowe et al., 1999).

The Stroop Color and Word Test (Golden, 1978) is another widely used measure of
executive function. This test reputedly provides a measure of frontal lobe functioning and
is considered a paradigmatic measure of selective attention as well as initiation and mental
control (disinhibition and impulse control) and response flexibility (Rossi, Daneluzzo et al.,
1997; Stem & Prohaska, 1996). Subjects are required to inhibit interference from a word
naming response. Accordingly, participants must select and process only one visual feature
while continuously blocking other stimulus features. Response slowing during the third
trail, the color/word component of the test, has been variously attributed to response
conflict, failure of response inhibition, or failure of selective attention. Clinical trials have
revealed that easily distractible subjects and those who have difficulty concentrating are
likely to fail the Stroop. Indeed, in comparison to controls, individuals with schizophrenia
manifest impaired performance on the Stroop (Barch et al., 1999; Baxter & Liddle, 1998;
Boucart, Mobarek, Cuervo, & Danion, 1999; Carter, Robertson, & Nordahl, 1992; Hepp,
Maier, Hermle, & Spitzer, 1996; McGrath, Scheldt, Welham, & Clair, 1997; Schooler,
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Neumann, Caplan, & Roberts, 1997), including a disproportionate increase in reaction
times in the conflict condition of the task (the color/word subtest) (Boucart et al., 1999).

However, the literature is equivocal as some studies report normal Stroop interference
effects, postulated to reflect cognitive flexibility (Golden, 1978), in schizophrenic patients
(Carter, Robertson, Nordahl, O'Shora-Celaya, & et al., 1993; Chen, Wong, Chen, & Au,
2001; Jensterle, Mlakar, Vodusek, & Frith, 2000; Taylor, Komblum, & Tandon, 1996).
Increased resistance to interference has been associated with positive psychiatric symptoms
and is thought to reflect incomplete processing of distractor information (Brebion, Smith,
Gorman, Malaspina, & Amador, 1998). Equally, methodological issues (such as different
versions of the test—computerised testing versus card and single-trial versions) and
analytic issues may also account for the equivocal findings (Perlstein, Carter, Barch, &
Baird, 1998).

Another process involved in executive functioning is inhibitory control. This is reputed to
play a significant role in adapting to changing environments and determining how various
mental processes work together in the successful performance of a task. The dorsolateral
prefrontal cortex is posited to be the neural mechanism underlying the response inhibition
function (Brass, Zysset, & von Cramon, 2001; Konishi et al., 1999; Konishi, Nakajima,
Uchida, Sekihara, & Miyashita, 1998; Liddle, Kiehl, & Smith, 2001) and the Go No-Go
reaction time task has been frequently used to assess volitional inhibition. Individuals at
risk of later decompensation into a psychotic state exhibit dysfunction in inhibitory control
and consequently, it may be important in the pathogenesis of schizophrenic spectrum
disorders (Suhr, 1997).
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The Tower of London (TOL) is used extensively as a neuropsychological test of planning
and working memory (Humes, Welsh, Retzlaff, & Cookson, 1997). It has been reported as
being sensitive to discrete elements of executive functioning in neurologically impaired
subjects. It engages visuospatial abilities (Phillips, Wynn, Gilhooly, Della Sala, & Logie,
1999) as evidenced by regional cerebral blood flow studies such as that by Baker and
colleagues (1996). They reported an association between enhanced activation of the
visuospatial working memory system and increasing task difficulty in a group of normal
controls during the TOL (Baker et al., 1996). Thus, as task difficulty increased so did
activation of the area of the brain associated with the visuospatial component of working
memory.

The TOL also places demands on attention (Bartók, 1995) and central executive processes
such that subjects are required to determine potential moves by mentally transforming and
manipulating bead positions prior to realizing the end-goal arrangement, while
simultaneously maintaining task constraints. Accordingly, the central executive is
postulated as having a vital coordinating role particularly in determining attentional focus
during the TOL task (Roberts & Pennington, 1996). Initial planning time is purported to be
sensitive to the ability to withhold incorrect responses; thus, it has also been conceptualized
as providing an index of inhibition (Levin et al., 1996).

Several lines of research support this. For example, in a recent study (Mitchell & Poston,
2001) inhibition was induced by experimenter suggestion in one of the two groups of
normal subjects during administration of the Tower of London. Performance was superior
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in the group prompted to suppress responses, suggesting that inhibition facilitated task
performance. In another study (W.C. Culbertson & E.A. Zillmer, 1998; William C.
Culbertson & Eric A. Zillmer, 1998) children were administered a neuropsychological
battery of measures sensitive to executive abilities (including a modified Tower of London
task) as well as intelligence and memory. The data were subjected to factor analysis and a
four-factor solution was extracted. The Tower of London task had the highest loading on a
factor that was interpreted as an index of planning-inhibition. Moreover, this factor was
distinguishable from the other factors of executive concept formation/flexibility,
psychometric intelligence and memory.

The Tower of London (TOL) test has also been shown to be sensitive to frontal lobe
impairment (Bartók, 1995; Humes et al., 1997). Accordingly, both patients with frontal
lobe lesions and patients with schizophrenia typically demonstrate significantly impaired
performance relative to normal cohorts, including delayed solution times, more moves to
solution and fewer perfect solutions compared to matched controls (Carlin et al., 2000;
Keefe, Lees-Roitman, & Dupre, 1997; Kim, 2001; Langdon et al., 2001; Pantelis et al.,
1997; Phillips et al., 1999).

People with schizophrenia typically exhibit deviant neuropsychological performance on
The Trail Making Test (TMT) (Laurent et al., 2000; McGrath, Scheldt, Hengtsberger, &
Dark, 1997). This is a visual scanning task that places demands on attention which must be
sustained throughout the directed visual shifting task. It provides a measure of response set
and perseveration (Stern & Prohaska, 1996). Speed and agility in motor skills are required
for proficient performance. Part B requires conceptual understanding, as subjects must be
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able to follow and switch sequences mentally. Thus, a degree of flexibility in shifting
during a task is required (Lezak, 1995).

The California Verbal Learning Test (CVLT) is a measure of verbal learning which taps
skills such as initiation and fluency (Stem & Prohaska, 1996). Learning may be enhanced
in this task by organizing the words by their meaning (semantic) or their position in the list
(serial). This part of the test relies heavily on executive functioning skills and provides
indicators of the strategies and procedures involved in learning and remembering verbal
stimuli.

Schizophrenic patients typically manifest impaired performance on a number of measures
from the CVLT including measures of learning, recall, recognition and error indices such as
intrusions phonemic and non-shared recognition errors (Albus, Hubmann, Ehrenberg,
Forcht, & et al., 1996; Hawkins & Wexler, 1999; Hazlett et al., 2000; Heinrichs, 1994;
Paulsen, Heaton, Sadek, Perry, & et al., 1995; Randolph, Gold, Kozora, Cullum, & et al.,
1994; Willson, 1997). Of particular interest in terms of executive functioning are the
studies that report schizophrenic subjects use less efficient learning methods as evidenced
by the failure to use the organizational strategy of semantic clustering, instead relying upon
serial-ordering (Hazlett et al., 2000; Kareken, Moberg, & Gur, 1996; Lyons, Toomey,
Seidman, Kremen, & et al., 1995). This has been variously attributed to reduced semantic
processing (Kareken et al., 1996), difficulties in applying abstract organizational strategies
on unstructured material and encoding deficits (as opposed to retrieval deficits) (Lyons et
al., 1995). Other research (Paulsen et al., 1995), however, posits that retrieval deficits
account for poor performance as indicated by disproportionate improvement on the
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recognition component of the test. Despite this, residual impairment on recognition
typically remains and is interpreted as suggesting mild encoding deficits.

Compared to controls people with schizophrenia demonstrate working memory deficits
(Conklin, Curtis, Katsanis, & Iacono, 2000; Gold & Weinberger, 1995; Gopal, 1997;
Huguelet, Zanello, & Nicastro, 2000; Morice & Delahunty, 1996; Pantelis et al., 1997;
Park, Holzman, & Goldman-Rakic, 1995; Stratta, Prosperini, Daneluzzo, Bustini, & Rossi,
2001; Trimble, 1996). It has been suggested that these deficits play a crucial role in other
complex cognitive impairments found in schizophrenia patients (Roitman et al., 2000).
While generalised working memory impairments have been well documented, Morice and
Delahunty (1996) suggest that there is differential impairment in working memory.
Specifically, they reported that dual task performance was impaired (as measured by a
modified Sentence Span task which required verification of sentences as true or false while
simultaneously holding the last word of each sentence in memory), while simple or primary
short term memory was intact (as measured by Digit Span Forwards and Word Span
Forwards). It was postulated that the phonological store or articulatory loop (Baddeley,
1986) was apparently intact while the central executive component of working memory was
impaired, particularly in those who demonstrated a substantial fall in IQ from premorbid
levels. Marczewski and colleagues (2001) also report impaired central executive processes,
specifically, supervisory abilities such as abstraction of logical rules, planning and
inhibition.

Kim (2001) argues that while both storage components and the central executive are
impaired; the central executive is more severely affected. Kim administered parallel verbal
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and visuospatial delayed-response tasks over two conditions. In the first condition subjects
were required to perform a delayed response task and in the second condition subjects
manipulated or transformed the contents of working memory during the delay period. A
significantly greater reduction in performance occurred in the latter condition, which was
interpreted as suggesting greater central executive dysfunction.

The visuospatial component of working memory is reputedly impaired and has been linked
to other cognitive deficits in individuals with schizophrenia (Finkelstein, 1999). Deficits
are exhibited less than 10 seconds following encoding of visuospatial information (Keefe et
al., 1997) and are asymmetrical. That is, impairment is greater when targets are presented
in right visual hemifield compared to left visual field presentation (Park, 1999). Glahn
(2000) administered a spatial delay response task which parametrically increased demand
on spatial memory while holding strategising demands constant to a group of normal
cohorts and a group with schizophrenia during functional magnetic resonance imaging.
While the group with schizophrenia exhibited longer response latencies and less accurate
performance, performance did not deteriorate as a function of increasing memory load.
This was interpreted as suggesting that the maintenance of visuospatial information was
corrupted in schizophrenia.

However, the specific parameters of visuospatial working memory deficit in schizophrenia
have not been established and the literature is equivocal. For example, Rothfeld, (2001)
reported no deficits in visuospatial abilities as measured by a backward masking task. Yet,
the lack of dysfunction in this instance was attributed to bias in the test paradigm when
used with a schizophrenic population.
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However, not all individuals with schizophrenia exhibit dramatic or selective impairments
in working memory (Ueber et al., 2001). Perry et al. (2001) conducted a series of studies
on the various components of working memory in schizophrenia, one of which controlled
for verbal intelligence and capacity for sustained attention. Test results suggested that
working memory tasks should be classified more explicitly—as either transient storage
tasks, retrieval tasks or executive functioning tasks. This is a salient argument especially
considering that working memory is a multi component system which research has shown
as vulnerable to differential impairment.

Despite inferior performance by schizophrenics relative to controls, performance on tests of
executive function typically varies within schizophrenia samples (Nathaniel-James et al.,
1996). Part of this heterogeneity may be due to the wide variety of skills falling under the
term ‘executive function’. Indeed, these functions represent dimensions of ability which
include resource allocation, working memory (Levin et al., 1996), initiation, set
maintenance, planning, self monitoring/regulation (impulse control), volition and purposive
action. Given that the term executive functioning encapsulates a wide variety of skills and
the fact that there is widely variable performance amongst people with schizophrenia, this
suggests that some of these skills are probably subserved by independent subsystems which
may be differentially or selectively vulnerable in schizophrenia (Nathaniel-James et al.,
1996).

Recently Levin (1996), dissociated the various aspects of executive functioning as
measured by various neuropsychological tests putatively sensitive to frontal lobe damage in
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a brain injured population. Five underlying factors were identified—conceptual
productivity; planning; use of schemas; semantic clustering; and inhibition. This provides
support for the independence of executive functions.

Moreover, multiple tests, some of which are outlined above, putatively sensitive to various
aspects of executive functioning have been used in the literature. However, tests involve
complex cognitive processing and thus almost certainly draw on multiple abilities. The
relationship between the various measures representative of executive functions remains
unclear and to date no study has examined this in schizophrenia.

This study will administer a number of tests representative of executive functioning. The
data will be submitted to principal components analysis to summarise the multiple
measures to common constructs. That is, the shared variability among the scores will be
examined and the underlying structure identified. This will have scientific and clinical
utility as it may elucidate the nature of executive dysfunction in schizophrenia.

Intact working memory is postulated to be a necessary component of executive functioning.
Moreover, dysexecutive functioning is related to defective working memory performance
(Sengstock, 2001). In the next chapter, a major theoretical model of working memory will
be examined.
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3

Theoretical Models of Working Memory

Working memory is conceived as a heterogeneous, multi-component brain system
(Baddeley, 1990; Baddeley, 1986; Logie, 1999). It is commonly invoked as a mechanism
for the temporary storage and manipulation of information in a wide variety of cognitive
tasks (Smith, 2000). An adapted conceptualisation of this system as conceived by
Baddeley (1990; 2000), is shown in Figure 1. It consists of the central executive(CE),
supported by at least two subsidiary slave systems; the articulatory loop and the
visuospatial sketchpad (VSSP). A new component, the episodic buffer, has recently been
proposed by Baddeley (2001; 2001). The modality free CE resembles a restricted capacity
attention which is involved in cognitive processing and co-ordination of the activities of the
more specialised sub components (Baddeley, 1990; Baddeley, 1986; Eysenck & Keane,
1992). The loop is responsible for maintaining and manipulating verbal material, while the
sketchpad holds and manipulates visuospatial information (1990; 1992; Baddeley, 1986;
Burgess & Hitch, 1992). The episodic buffer is postulated as a limited capacity multi
modal storage system which holds and manipulates integrated information from the slave
systems, the central executive and long term memory (Baddeley, 2000).
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Figure 1 A representation of the working memory model (Adapted from Andrade, 2001a; Baddeley,
1990; Baddeley, 2000).

3.1

Articulatory Loop

The articulatory, or phonological loop, is the most extensively investigated component of
working memory (Baddeley, 1986; 1990; 1992;). It is comprised of two sub
components—a passive phonological store and an active articulatory rehearsal or control
process (Longoni & Castagna, 1993). Regional cerebral blood flow studies have localised
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the sub-vocal rehearsal system to Broca’s area whereas the phonological store was
associated with the left supramarginal gyrus (Paulesu, Frith, & Frackowiak, 1993). The
phonological store is directly concerned with speech perception, whilst the control process
is linked to sub-vocal speech rehearsal and the recoding of printed stimuli for registration or
input into the phonological store.

The basic code involved in the store is believed to be phonological, or speech based. This
is supported by the observation that immediate serial recall for items is poorer when they
sound similar (Conrad & Hull, 1964, cited in Baddeley, 1986). Such items are more
confusable, with fewer discriminating features. Hence they are more vulnerable to the
effects of forgetting (Baddeley, 1990; 1992).

Representations, or phonological traces, within the store fade within 1.5 to 2 seconds unless
the traces can be maintained or refreshed serially by the rehearsal process component of the
articulatory loop. Rehearsal refers to the overt, or covert, (sub-vocal) repetition of items.
However, sub-vocal rehearsal does not appear to involve explicit articulatory mechanisms,
but rather it may be related to abstract speech-related activity at a higher level (Gathercole,
1994).

As this process operates in real time (Gathercole & Baddeley, 1995), memory span can be
determined by the number of items that can be rehearsed, or refreshed prior to decay
(Baddeley, 1986). Baddeley, Thompson and Buchanan (1975) demonstrated an inverse
linear relationship between memory span and the spoken duration of words. That is, they
observed that recall equals the number of words which can be said in approximately 1.5 to
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2 seconds. Accordingly, the spoken duration or length of words affects memory span,
being superior for short words simply because they can be rehearsed more rapidly than
longer words (Baddeley et al., 1975; Hulme & Tordoff, 1989; La Point & Engele, 1990).
This phenomenon is known as the word length effect.

This effect has accounted for differential digit spans across languages. Languages in which
digits have more than one syllable or have long vowel sounds take longer to rehearse
leading to shorter memory span for such items (Ellis & Hennelly, 1980). Conversely,
children's digit spans markedly increase with age. This has been attributed to, and indeed
parallels increasing articulation rates, and therefore rehearsal rates, observed as children get
older (Cohen & Heath, 1990; Henry, 1991; Hulme & Tordoff, 1989).

Sub-vocalisation can be prevented by articulatory suppression, that is, the repetition of
irrelevant speech sounds, such as the word 'the'. As a result, the phonological traces cannot
be refreshed, thereby reducing immediate memory span. With rehearsal prevented and the
articulatory store rendered irrelevant to performance, the word length effect is abolished
(Coltheart & Langdon, 1998), as is the acoustic similarity effect for visually presented
items. This is due to the fact that the visual items cannot be recoded for registration in the
phonological store (1990; Baddeley, 1992; Baddeley, Gathercole, & Papagno, 1998).

Whilst visual stimuli have to be recoded for input, speech is thought to gain direct and
obligatory access to the store. Evidence for this stems from the irrelevant speech effect
(Colle & Welsh, 1976; Salame & Baddeley, 1982, 1989). This is a reduction in recall of
visually presented items with concurrent presentation of irrelevant spoken material. Whilst
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the disrupting material must be speech like, (white noise has no effect), the semantic
characteristics are unimportant as disruption has been shown to be equivalent with foreign
languages (Baddeley, 1990; Baddeley, 1992).

The articulatory loop has been credited with performing a major function in the process of
long term phonological learning, (Baddeley, Papagno, & Vallar, 1988; Ellis & Beaton,
1993; Papagno & Vallar, 1992), learning to read and comprehension, (Jorm, 1983, cited in
Baddeley, 1990; Gathercole & Baddeley, 1990b). It is also believed to be crucial in native
and foreign language acquisition (Gathercole & Baddeley, 1989, 1990a, 1990b; Papagno,
Valentine, & Baddeley, 1991; Service, 1992; Siegal & Ellen, 1988). Evidence stems from
neuropsychological studies (Vallar & Baddeley, 1984, cited in Baddeley, 1986) and studies
of normal and developmentally language-disordered children.

3.2

Visuospatial sketchpad

Visual imagery is thought to play an important role in verbal memory. Indeed, improved
memory can be achieved with mnemonic systems whereby a verbal representation is
supplemented with a visuospatial representation. The visuospatial sketchpad (VSSP) has
been shown to be involved in learning with the use of visual imagery mnemonics
(Baddeley, 1990; Baddeley, 1986).

However, Baddeley, Grant, Wight & Thomson, (1975, cited in Baddeley, 1990) have
demonstrated that the utilisation of imagery can be disrupted. A dual task paradigm was
employed whereby subjects were required to perform a visuospatial task, such as tracking a
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moving spot of light, concurrently with either an imagery or verbal Brooks matrix task.
Whilst tracking disrupted performance on the imagery mediated task, little impairment was
found on the verbally mediated task.

Equally, arbitrary eye movement can interfere differentially with the use of visuospatial
imagery. Baddeley (1986) tentatively interprets the disruptive effect as suggesting that
voluntary eye movements are involved as a control process in the VSSP—rehearsing and
maintaining images. As such, eye movements may work in an analogous manner to that of
the articulatory loop.

Further support that the VSSP functions in a parallel manner to the loop was provided by
Logie (1986, cited in Baddeley, 1990; Baddeley, 1986). He presented irrelevant visual
material, comparable in effect to that of unattended speech in verbal memory, during
mnemonic and rote learning. Whilst performance in the visual imagery condition was
disrupted, the rote learning condition was unimpaired.

This suggests that the effects of unattended images and words are modality specific.
Importantly, it also indicates, together with the spatial tracking task results, that the VSSP
has separable spatial and visual components of imagery (Baddeley, 1990; Baddeley, 1986).
Moreover, evidence is accumulating from psychophysiological studies which suggests that
these components have different anatomical locations within the brain. The visual
characteristics of the system involve the left and right occipital lobes, whilst the spatial
manipulation of images involves the left parietal area (Farah, 1988, cited in Baddeley,
1990; Baddeley, 1992).
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Double dissociations from neuropsychological studies lend further support to this
dichotomy. For example, some cortically damaged patients have difficulty in imagining
and recalling visual features such as the shape or colour of familiar objects, while they have
no difficulty with spatial tasks such as localising objects, or describing routes. Yet other
patients show the exact opposite deficit—that is, they are capable of imagining and
recognising objects but are incapable of localising objects. Such results also suggest that
one component of the VSSP is concerned with pattern processing and ascertaining 'what',
while the other is concerned with location in space and transmitting data about 'where'
(Baddeley, 1990).

The pattern of results indicate that the VSSP has both spatial and visual dimensions. It can
be fed either directly through visual perception, with visual information having obligatory
access to the sketchpad, (as suggested by the unattended picture effect), or indirectly
through the generation of visual images, as occurs in mnemonics. Although the role of the
VSSP is only partially explored, it appears that the spatial system is important for planning
spatial tasks, geographical orientation and learning to recognise new faces (Baddeley, 1990;
Gathercole, 1994).

3.3

Episodic buffer

The episodic buffer is the newest component of the working memory model. It is
postulated to be responsible for maintaining information from various modalities that is
connected, or bound together. Thus, it is thought to hold unitary representations from the
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slave systems (i.e. phonological loop and visuospatial sketch-pad) and explains phenomena
such as visual effects in verbal recall. While the relationship and process remains unclear
at this time, the central executive is thought to be responsible for the binding procedure
which optimises its limited capacity. The buffer is also posited to facilitate input and
recovery from long-term memory (Andrade, 2001b; Baddeley, 2000).

Research into the buffer is in its infancy and accordingly, experimental manipulations have
not yet been developed. Indeed, Baddeley (2000) is uncertain if the episodic buffer is in
fact a new component or a fractionation of the central executive.

3.4

Central Executive

The heart of the working memory model is the central executive (CE). In contrast to the
slave systems the CE is flexible and domain independent. It has been attributed with a
wide range of cognitive capacities which can be broadly classified into two categories. The
first category is control activities. The CE is assumed to be an attentional and action
control system responsible for strategy selection and for the coordination and integration of
information from the slave sub-systems and long term memory (Baddeley, 1992; Morris,
1994). The second category is processing and storage capabilities. The CE is considered to
have limited capacity processing resources, such that performance breaks down with
increasing demand (Morris, 1994). Processing resources can be flexibly deployed to
respond to many different information-processing demands. Children are thought to
resource-switch, rather than resource-share, between storage and processing functions when
theCE is under heavy demand (Towse & Hitch, 1995). Activities putatively supported by
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these resources include long-term memory retrieval, maintenance rehearsal and the
processing and storage of linguistic material (Gathercole, 1994).

Norman and Shallice's (1980, 1986, cited in Shallice, 1988) model of attentional control,
specifically the supervisory system, has been identified and adopted as providing a good
account of the functioning of the CE (Baddeley, 1986; 1990; 1992). In this model, depicted
below in Figure 2, most cognitive processing is initiated by existing schemata for familiar
and well learned activities, such as walking and driving. Schemata are activated
automatically when a certain threshold level is exceeded. This is caused by triggering
inputs originating from inbuilt priorities and environmental cues. Once activated, a schema
remains operative until its goal is achieved or it is inhibited by a competitor or a higher
level controlling schema. Component, or lower level schemata can be activated by source
schemata if the appropriate conditions arise (Norman & Shallice, 1986; Shallice, 1988).

Well-learned schemata can run relatively automatically with little demand for supervisory
control. However, ongoing actions can be controlled in two rather separate ways. The first
way occurs when two ongoing schemas conflict. Under such circumstances performance is
modulated by the contention scheduling mechanism. This “acts through activation and
inhibition of supporting and conflicting schemas” (Norman & Shallice, 1986, p. 3).

The second way schemata can be overridden, or interrupted, is through the supervisory
attentional system or SAS (Shallice, 1988). It is this component that Baddeley, (1992;
1986) proposes as being a suitable representation of the CE. Having access to
environmental cues, intentions and cognitive capacity, the SAS becomes involved in the
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genesis of willed actions, novel situations, decision making, and high-priority or dangerous
situations. SAS is assumed to modify ongoing behaviour by “the application of extra
activation and inhibition to the schemas in order to bias their selection by the contention
scheduling mechanisms” (Norman & Shallice, 1986, p. 6).
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Figure 2 Norman and Shallice’s attentional control model (Norman & Shallice, 1986)

A close relationship between working memory and the prefrontal cortex has been supported
by human and animal studies, with the former being used to explain the functions of the
latter (Funahashi & Kubota, 1994; Kopelman, 1994). In a recent study (D'Esposito et al.,

1995), functional MRI indicated that the dorsolateral prefrontal cortex was implemented in
CE functioning. Specifically, this area was recruited during the dual task performance,
even though the tasks alone did not activate the prefrontal cortex. Norman and Shallice
(1986) posit that the SAS depends on the functioning of the frontal lobes. Moreover,
according to Shallice (1988), patients with prefrontal lesions, or frontal lobe syndrome,
have a deficit in the SAS. Indeed, depending on the pattern of trigger-schema relations, the
model can plausibly account for a range of behaviours observed in patients with frontal
lobe damage such as perseveration, distractibility, lack of initiative and in problems with
fluency tasks (Baddeley, 1990).

Similarly, Baddeley (1990, p. 133; Baddeley & Wilson, 1988) rejoining Shallice’s proposal,
has suggested that the CE is involved in 'dysexecutive syndrome' (DES) a term which
provides functional characterisation of patients displaying frontal dysfunction. People
suffering Parkinson's disease, senile dementia and dementia of the Alzheimer's type are also
believed to have impaired functioning of the CE (Baddeley, Logie, Bressi, Della Sala, &
Spinnler, 1986; Dalrymple-Alford, Kalders, Jones, & Watson, 1994).

Similarly, age related differences in cognitive performance have been attributed to the
decline in the effectiveness of CE. Whilst it has been suggested that the elderly have
smaller storage capacity (Foos, 1989, cited in Van der Linden, Coyette, & Seron, 1992),
increasing support is being found for the hypothesis that they have a deficit in processing
resources (Morris, Craik, & Gick, 1990; Van der Linden, Bredart, & Beerten, 1994; Van
der Linden et al., 1992).
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It is unlikely that the CE is a unitary system. A recent imaging study identified activation
in the dorsolateral prefrontal cortex and the anterior cingulate during dual task performance
(D'Esposito et al., 1995). It was concluded that the CE system comprised several
anatomically distinct components. It is plausible therefore that the CE could be damaged in
different ways. Indeed, Baddeley (1986) distinguishes between at least two different
impairments in the executive—one deficit is in the control and planning component, (i.e.
flexibility) and the other is a global reduction in the processing capacity. Accordingly, it is
feasible that dysexecutive patients have deficits in control processes, the elderly, as
suggested, deficits in processing resources and, Alzheimer's patients may have deficits in
both aspects (Baddeley, 1990; 1986).

Support for the hypothesis that the CE can be damaged selectively comes from the study of
a head injured patient, AM. AM displayed specific short-term memory impairment. This
was attributed to his CE having reduced processing resources which affected only short
term storage but not processing (Van der Linden et al., 1992).

The CE is assumed to be involved in on-line cognitive tasks, such as problem solving and
calculation (Gilhooly, Logie, Wetherick, & Wynn, 1993; Logie, Gilhooly, & Wynn, 1994;
Toms, Morris, & Ward, 1993). It is especially implicated in the co-ordination of working
memory updating in real time (Morris & Jones, 1990). It has specific storage functions,
(namely maintenance rehearsal), contributes to regulating the slave systems and integrates
information from these and from long-term memory. Importantly, it has limited processing
capacity which must be divided between its different control and storage functions
(Baddeley, 1986; Van der Linden et al., 1992).
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Working memory can be conceptualised as a set of components that act in harmony, albeit
in various combinations dependant upon task demands. A central principle of the model is
that it provides temporary storage and manipulation of the information necessary for
complex cognitive tasks. The core of the model is the modality free CE. This is postulated
to be an attention control system. It functions to integrate information from the slave
subsystems and long term memory, allocate resources and co-ordinate working memory
operations. The CE is aided by the independent and specialist subsidiary systems. The
articulatory loop, comprising the phonological store and the articulatory rehearsal process,
is specialised for processing verbal, speech-based stimuli. The visuospatial sketchpad is
assumed to be concerned with the setting up and maintenance of visuospatial images. The
newest addition to the working memory model is the episodic buffer which is postulated to
be a multi-modal store responsible for holding integrated pieces of information. This
component is posited to also act as an interface between working memory and long-term
memory.

Baddeley’s (1990) working memory model, together with Norman and Shallice's (1980,
1986, cited in Shallice, 1988) model of attentional control provide the theoretical
framework to conceputalise the neuropsychological functioning of individuals with
schizophrenia. Baddeley’s (1990, p. 133; Baddeley & Wilson, 1988) 'dysexecutive
syndrome’ is particularly relevant as it provides a functional characterisation of patients
displaying frontal lobe dysfunction. Individuals with schizophrenia typically exhibit
performance comparable, or inferior to, frontal lobe patients on neurocognitive tests
putatively sensitive to this area of the brain. Further, impaired working memory has been
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posited to be a crucial component in the deficits exhibited in schizophrenia. Moreover,
dysexecutive functioning is particularly well documented and is the empirical focus of this
thesis. However, it has also been suggested that it is the symptoms themselves that
compromise cognitive performance and various symptom dimensions have been associated
with different patterns of neuropsychological dysfunction. Consequently, clinical
symptoms have been examined and attempts made to subtype them to common patterns to
allow comparisons and thereby reduce the heterogeneity of the disorder (Gourovitch &
Goldberg, 1996; Palmer et al., 1997). The following chapter will review the literature on
the relationship between neurocognitive functioning and symptoms of schizophrenia.
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4

The Relationship between Cognitive Deficits
and Symptoms of Schizophrenia

It has been suggested that it is the symptoms of schizophrenia themselves which
compromise cognitive performance. Indeed, individuals with chronic, severe illnesses and
those in acute relapse are extremely compromised and unavailable to examination.
However, comparable levels of neuropsychological deficit have been reported in both first
episode and chronic patients and substantial levels of cognitive impairment can be found at
illness onset, even within samples of drug-naive patients (Mortimer, 1997). Nonetheless,
cognitive impairments have been postulated to be differentially associated to positive,
negative and disorganised dimensions of schizophrenic symptoms (Eckman & Shean, 2000;
Nieuwenstein, Aleman, & de Haan, 2001).

4.1

Negative and Positive Symptoms

Attempts have been made to subtype and compare symptom patterns in schizophrenia, thus
reducing the heterogeneity of the disorder (Gourovitch & Goldberg, 1996; Palmer et al.,
1997). One of the most widely adopted methods of subtyping includes a breakdown on the
basis of positive and negative symptomatology. Although no specific pattern of
impairment has been established, positive and negative symptoms have been associated
with different patterns of neuropsychological dysfunction with mixed results.
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Negative symptoms tend to be chronic and are associated with greater neuropsychological
impairment (Liddle, 1996), longer periods of hospitalisation (Mohammed-Ali, 2001) and
poorer quality of life (Rudnick & Kravetz, 2001). This is consistent with Crow’s (1985)
Type II schizophrenia, which is characterised by irreversible structural damage to the brain,
the presence of cognitive deficits and negative symptoms. Negative symptoms have long
been associated with impaired psychosocial skill learning and tardive dyskinesia and
reduced social functioning, (Addington, Addington, & Maticka-Tyndale, 1991; Corrigan &
Toomey, 1995; Dickerson et al., 1996; Palmer et al., 1997).

Schizophrenic patients who exhibit primary and enduring negative symptoms meet the
criteria for deficit syndrome schizophrenia, as determined by the Schedule for Deficit
Syndrome. Recent studies comparing this subgroup with non-deficit patients suggest that
deficit schizophrenia is a separate disease (Kirkpatrick, Buchanan, Ross, & Carpenter,
2001), which is divergent from other schizophrenic illness in terms of etiology, illness
course, treatment response and neurobiological correlates. The deficit subgroup has been
reported as exhibiting specific deficits in executive processes but not more severe global
impairment (Bryson, Whelahan, & Bell, 2001). Despite this, a five-year follow-up study
found that deficit patients had inferior social and occupational functioning, poorer quality
of life and more severe negative symptoms (Subotnik, Nuechterlein, & Ventura, 2000; Tek,
Kirkpatrick, & Buchanan, 2001).

Negative symptoms have also been associated with deficits in memory, visual information
processing, perceptual-motor integration (Strauss, 1993), diminished creative verbal
fluency (Howanitz, Cicalese, & Harvey, 2000; Moritz et al., 2001), poor verbal reasoning
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(Addington et al., 1991), impaired sustained attention, working memory deficits (Guillem
et al., 2001) and dysfunction on tasks requiring dexterous and/or motor manipulation
(Zakzanis, 1998).

While there is little demonstrated correlation between positive symptoms and social
deterioration (Dickerson et al., 1996) studies also report associations between certain
positive symptoms, specifically thought disorder, and neuropsychological deficits
(Dickerson et al., 1991). In particular, positive symptoms have been correlated to deficits
in auditory information processing, especially of language stimuli, deficits in selective
attention (Strauss, 1993) and dysfunction in frontally mediated executive tasks (Zakzanis,
1998). Furthermore, improved cognitive functioning has been related to improvements in
positive symptoms but not improved negative symptoms. This was interpreted as
suggesting that for some patients at least, cognitive dysfunction was primarily a function of
positive symptoms (Addington et al., 1991).

The inconsistent findings may be attributable to the ambiguity of the positive and negative
constructs themselves and methodological problems in identifying the underlying
dimensions. Methodological issues, such as the type of statistical procedures used, phase
of illness, measurement instruments used and whether individual symptoms or groups of
symptoms are analysed, contribute to the difficulty in delimiting the dimensions of
psychopathology in schizophrenia (Peralta & Cuesta, 2001). The validity of this simple
positive-negative dichotomy has been questioned and numerous factor analytic studies have
suggested that the two-syndrome model is an inadequate representation of symptoms as
measured by commonly used psychometric scales such as the Scale for Positive Symptoms
47

(SAPS), Scale for Negative Symptoms (SANS) and the Positive and Negative Syndrome
Scale (PANSS) (Cuesta, Peralta, Caro, & de Leon, 1995; Klimidis, Stuart, Minas, Copolov,
& Singh, 1993; Lindstrom, Wieselgren, & von Knorring, 1994).

There are a number of studies supporting a multisyndromal model, with three or four
syndromes (Bilder, Mukherjee, Rieder, & Pandurangi, 1985; Grube, 1997; Liddle &
Barnes, 1990; Moranville, 1993; Peralta, de Leon, & M.J., 1992; Sarai & Matsunaga,
1993). For example, studies indicate that the SANS and SAPS sub-scales are best
summarised by a three-component structure of negative symptoms, hallucinations/delusions
and thought disorder (Liddle & Barnes, 1990; Minas et al., 1992; Strauss, 1993). Liddle
(1984, cited in Liddle, 1996) examined symptom correlation patterns and identified three
similar syndromes: psychomotor poverty (poverty of speech, decreased spontaneous
movement and blunted affect), disorganisation (formal thought disorder, inappropriate
affect, poverty of content of speech) and reality distortion (delusions/hallucinations).

Factor analyses of the symptom dimensions of schizophrenia reveal different findings. For
example, one study (Emsley et al., 2001) analysed a three dimensional model of
schizophrenic symptoms—negative, psychotic and disorganised—and revealed a five factor
solution that included disordered relating, psychosis, thought disorder, bizarre behaviour
and diminished expression. Another study (Harris et al., 2001) performed factor analysis
on the symptoms, as measured by the Positive and Negative Symptom Scale, and revealed
three syndromes—psychomotor poverty (primarily negative symptoms), disorganisation
syndrome (defined by thought disorder and grandiosity) and reality distortion (defined by
hallucinations, paranoia and delusions). It appears that the negative symptoms form a more
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coherent whole than the positive symptoms which do not appear to constitute a single
construct.

In a comprehensive review of the literature on the relationship between schizophrenia
symptoms and neuropsychological performance Carpenter, Kirkpatrick & Buchanan (1999)
identified only weak and inconsistent associations. They concluded that despite wide
consensus, schizophrenia represents a syndromal disease process—it does not appear to be
a single disease. Further, they asserted that applying the single disease paradigm may be
encumbering understanding of the illness and it is likely that schizophrenia will be
dissociated into distinct diseases.

4.2

Cognitive Deficits and Prognostic Outcomes

While the influence of differential symptoms on cognition is far from clear there is some
evidence that overall symptom severity is a strong concomitant of neuropsychological
deficit in schizophrenia. Moreover, neuropsychological test performance has been
associated with and predicts the ability to manage the requirements and stresses of daily
living (Dickerson et al., 1996; Green, 1993; Mohs, 1995; Palmer et al., 1997; Tracy et al.,
1995). Hence, a lack of cognitive impairment may prove to be a positive prognostic sign
for long term functional status in schizophrenia.

A recent study reported that neuropsychologically normal schizophrenics had less severe
negative symptoms, fewer extrapyramidal symptoms, were less likely to have had a
psychiatric hospitalisation during the preceding year, currently received less anticholinergic
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medication and socialised more frequently in the preceding year (Mortimer, 1997; Palmer
et al., 1997). There is a general tendency for greater pathology and lower psychosocial and
work functioning among neuropsychologically impaired individuals (Lysaker, Bell, &
Bioty, 1995; Sullivan et al., 1994). Increased neuropsychological impairment has also been
associated with reduced levels of insight, which tend not to remit following rehabilitation
(Lysaker & Bell, 1994). Those with fewer cognitive deficits also have better insight, which
has implications for treatment compliance (Startup, 1996).

Psychotropic drug regimes are the mainstay of treatment for psychotic disorders. They fall
under the category of major tranquillisers and as such there are potential consequences and
effects on cognition. The following chapter will review the literature on the effects and
types of neuroleptics used in the treatment of schizophrenia.

50

5

The Effects of Neuroleptics on Cognition

Neuroleptic drugs come under the general category of cerebral depressants and as such
their potential effects on cognition have important ramifications, especially as their efficacy
in controlling psychotic symptoms is such that neuroleptic treatment has become
mandatory for schizophrenia. Yet, it is widely agreed that neuroleptic medication does not
account for the cognitive dysfunction demonstrated in schizophrenia (King & Green, 1996).

There are four main classes of antipsychotics used to treat schizophrenia. Phenothiazines
(such as chlorpromazine, thioridazine), butyrophenones (such as haloperidol) and
thioxanthines (such as flupentixol) are classical antipsychotics. They were introduced in
the 1950s thereby revolutionising treatment of psychotic patients (Tugrul, 1998). However,
they cause considerable extrapyramidal side-effects and sedation and accordingly are
sometimes referred to as major tranquilizers. The fourth class of newer antipsychotics were
introduced in the late 1980s (Tugrul, 1998) and are known as atypical antipsychotics, they
consist of drugs such as clozapine, sulpiride and risperidone.

Several comprehensive reviews concluded that the chronic effects of conventional
neuroleptics on a variety of cognitive functions, including executive functioning, in
schizophrenia are minimal (King & Green, 1996; Verdoux, Magnin, & Bourgeois, 1995),
or non-existant. For example, one study, in which dose was actually reduced by 80-90% in
chronic stable schizophrenia patients, found no favourable or deleterious effects on
cognition or symptoms after six weeks (Harris, Heaton, Schalz, Bailey, & Patterson, 1997;
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Seidman, Pepple, & Faraone, 1993). Some studies, however, report improvements in
cognitive functioning after treatment with conventional neuroleptics. Indeed, long-term use
of neuroleptic medication has been associated with normalisation of attention and
information processing dysfunctions (Braff, 1993; Kahn, Davidson, & Davis, 1996; Spohn
& Strauss, 1989; Trimble, 1996). Haloperidol has also been reported to mediate the
relationship between neurocognitive performance on frontally mediated tasks and
schizophrenic syndromes of disorganisation and psychomotor poverty, independent of
symptom severity and motor function (Allen, Anastasiou, Goldstein, Gilbertson, & van
Kammen, 2000). Antipsychotics may, however, impair performance on tasks of motor
function. It has been suggested that this interference is due to the blocking of dopamine
(Davidson et al., 1996; Medalia, Gold, & Merriam, 1988; Mortimer, 1997; Seidman et al.,
1993).

Anticholinergic medication is typically administered to people with schizophrenia to help
control extrapyramidal side effects. Short-term memory and learning impairment by this
medication is well known. However, it is unlikely to totally account for deficits in
leaming/memory (Gourovitch & Goldberg, 1996; King & Green, 1996). While there have
been very few studies on the effects of typical or atypical neuroleptics on working memory,
recent studies have reported that general memory performance and recognition and recency
discrimination performance were unaffected by anticholinergics (Schwartz et ah, 1991;
Tamlyn et ah, 1992).
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5.1

Atypical neuroleptics

The atypical neuroleptics, such as clozapine (used particularly in people with refractory
schizophrenia), risperidone and olanzapine have milder side-effect profiles and increased
antipsychotic efficacy over conventional drugs. These agents reportedly reduce both
positive and negative symptoms (Kapser et al., 2001; Remington, Addington, Collins,
Jones, & et al., 1996; Rossi, Mancini et al., 1997). However, they are more effective
against positive symptoms and cause side effects such as weight gain, sedation,
hypersalivation (Gomez et al., 2000; Ishigooka, Murasaki, Miura, & Olanzapine LatePhase, 2000; Soylu, Bilici, Bekaroglu, & Yyldyrym, 1999), glucose intolerance and lipid
abnormalities (Kapur & Remington, 2001). While the exact mechanisms that make
atypical antipsychotics atypical and effective is unclear (Kapur & Remington, 2001), they
are thought to act upon the serotonergic and dopaminergic neurotransmitters systems
(Horowitz, 2001).

While many studies have been conducted which examine the clinical efficacy and safety of
these drugs, very few studies have been conducted to examine the effects of atypical
neuroleptics on cognition, reflecting the relatively recent introduction of these drugs
(Moeller, 2000). Early studies were hampered by methodological problems, such as small
sample sizes, the absence of a control group, inappropriate baseline (from an acute phase in
the illness), short duration therapeutic trials, inadequately matched groups at baseline and a
failure to focus on cognitive functions known to be impaired in schizophrenia (Mortimer,
1997). In recent years, atypical neuroleptics are increasingly being reported as having a
facilitating effect on cognition, in particular on executive functioning, attention and verbal
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memory compared to conventional antipsychotics (Breier, 1999; Cuesta et al., 2001;
McGurk, 1999). For example, significant improvement in response latencies and target
detection have been reported after treatment with clozapine (Galletly, Clark, McFarlane, &
Weber, 2000). Despite this, performance remained inferior to a group of matched normal
cohorts.

Risperidone has been reported as having clinical efficacy, as measured by improved
psychopathological symptoms and reduced levels of depression, anxiety and hostility over
long-term periods (Cavallaro, Mistretta, Cocchi, Manzato, & Smeraldi, 2001; Glick,
Lemmens, & Vester-Blokland, 2001; Taylor et al., 2001). Moreover, short-term treatment
with risperidone has been associated with an improvement in neuropsychological
performance on Wisconsin Card Sorting Test (WCST) and on subtests from the Weschler
Adult Intelligence Scale (WAIS) (digit symbol substitution and digits forwards) in a group
of schizophrenics with prevalent negative symptoms (Rossi, et al., 1997), suggesting that
risperidone treatment has an ameliorating effect on cognition. Moreover, the researchers
interpreted the correlation between WCST results and negative symptoms, both before and
after treatment, as suggesting that negative symptoms and cognitive deficits have a
common underlying substrate which is targeted by risperidone treatment.

Olanzapine has also been shown to have clinical efficacy and beneficial effects on
functioning in a number of studies (Kane et al., 2001; Smit, Infant, Sing, & Khandat, 2001),
including acute relapses of the disease (Mooren et al., 2001). For example, after one to
three years of treatment significant improvements from baseline functioning were noted in
neuropsychological functioning, as measured by a number of tests, including the WCST,
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the WAIS and the Tower of London. Moreover, social functioning was also reportedly
improved (Ljubin, Milas, Folnegovic-Smalc, & Makaric, 2000; Mencacci, Durbano, &
Annivemo, 2001). Verbal memory performance, attention and executive functioning has
also been reported to improve at three and six months, albeit mildly, in a group with
chronic schizophrenia administered olanzapine compared to another group administered
conventional antipsychotics (Cuesta et al., 2001). However, the efficacy of olanzapine, as
measured by reduction in psychopathology and positive and negative symptoms, is
reportedly not as good in individuals with longer disease durations (i.e. three or more years)
(La Pia et al., 2001).

The literature on atypical neuroleptics, however, is equivocal as a number of studies report
minimal or no improvement in functioning after treatment with these agents. For example,
in an early study (Goldberg et al., 1993) the cognitive function of a group of psychotic
patients receiving classical neuroleptic treatment was compared after they had received an
average of 15 months clozapine treatment. While a 40% decline in symptoms was recorded
there was no change in performance on a number of memory and executive tests. Despite
the fact that the sample size was small (n=15) the within subjects design and long follow-up
adds some weight to the suggestion that clozapine has no effect on cognitive deficits. In a
very recent multi-centre, double-blind study (Horowitz, 2001) 79 treatment-refractory
people with schizophrenia were neuropsychologically assessed before and after being
randomly assigned to receive one of three psychotropics—two atypicals (clozapine or
risperidone) or haloperidol. No significant improvement in overall cognitive functioning
was observed in any group. However, interaction effects revealed that compared to the
other two groups, patients given risperidone exhibited a trend towards improvements in list
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learning, visuoconstruction and semantic fluency. While the literature defies easy summary
it would seem that traditional antipsychotic medications were generally unsuccessful in
ameliorating cognitive functioning in schizophrenia patients. By contrast atypical
psychotropics have reportedly improved some neuropsychological functions, particularly in
treatment-refractory patients.

While the mode of action of psychotropics is unclear they are thought to have dopamine
blocking properties. This suggests that schizophrenia results from some type of widespread
cortical dysfunction and increasingly it is being considered an organic brain disease. Data
from neuroimaging and post mortem studies are documenting the physiological and
structural abnormalities in the brains of some schizophrenia patients. The following
chapter will review the literature on the neuroanatomical localisation of the illness.
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6

Neuroanatomical Localisation of Dysfunction

Imaging technologies and neuropsychological research have suggested that schizophrenia
results from some type of brain dysfunction that is either inherited or acquired, or both.
However, there is no consensus as to the precise nature and locus of this impairment.
Indeed, abnormalities have been reported in the temporal lobes, frontal lobes, basal ganglia,
thalamus, corpus callosum and hippocampal formations in individuals with a diagnosis of
schizophrenia.

Structural and anatomical abnormalities such as cortical atrophy/reduced brain volumes
(Matsumoto et al., 2001), diffuse reductions in grey and white matter (Fannon et al., 2000;
Paillere-Martinot et al., 2001), sulci widening and ventricular dilation have been observed
in both men and women with schizophrenia (Cicerello, 2000; Lauriello, Hoff, Wieneke,
Blankfeld, & et al., 1997). Cortical atrophy may stem from a widening of the Sylvian or
interhemispheric fissures or from a loss of cortical sulci size. Ventricular dilation may arise
from cell loss in structures surrounding the lateral (i.e. thalamus, fornix and hypothalamus)
and third ventricle (i.e. thalamus, basal ganglia, left hippocampus). These abnormalities
have been found in the early stages of the illness and the effects do not appear to be related
to illness duration or age (Andreasen et al., 1990; Tracy et al., 1995).

Several studies have suggested that the neuropsychological impairments manifested by
people with schizophrenia on executive function tests, such as perseveration, reduced
verbal fluency and an inability to sustain attention, are attributable to frontal lobe damage
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(Szabolcs et al., 2001). Support for the frontal deficit hypothesis comes from functional
neuroimaging studies which suggest hypofrontality in schizophrenia (Esel et al., 2000;
Perlstein, Carter, Noll, & Cohen, 2001). For example, functional magnetic resonance
imaging during administration of the WCST in a group of neuroleptic-naive schizophrenia
patients and age and gender matched controls revealed reduced activation in the left
temporal lobe, left cerebellum and right frontal lobe (Riehemann et al., 2001). These
findings support the hypofrontality hypothesis and importantly suggest that the disease
process itself is responsible for the reduced activity as opposed to neuroleptic medication.
Further evidence comes from metabolic and blood flow studies which have reported
reduced blood or glucose metabolism during rest and activation in the frontal cortex in
people with schizophrenia (e.g. Gold & Weinberger, 1995; Weinberger, Berman, & Zee,
1991).

Dysfunction in the prefrontal cortex has been postulated to be associated with reduced
activity of the mesocortical dopamine system in schizophrenia. It has been posited that
some of the cognitive deficits observed in schizophrenia may be due, at least in part, to
abnormal dopamine function (Kahn et al., 1994). Dysregulation in dopaminergic
modulation of anterior cingulate neuronal activity has been noted using positron emission
tomography during task induced activation (Dolan et al., 1995).

Structural imaging studies have also identified structural abnormalities in areas which
connect with the frontal lobes such as the temporal/hippocampal and basal ganglia regions.
Psychopharmacological studies report that the basal ganglia are sites of action for
antipsychotic drug therapy implying dysfunction in this region (Cohen & Servan-Schreiber,
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1993). Nonetheless, frontal-temporal-basal ganglia pathology has been postulated as
explaining the hypofrontality, especially involving the dorsal lateral prefrontal cortex
(DLPFC) (Bertolino et al., 2000). Models derived from primate studies and applied to
schizophrenia suggest that the hippocampus and its connection with the DLPC plays a
crucial role in executive function (Goldman-Rakic, 1990). Specific symptomatology (e.g.
decreased movement, poverty of speech), has also been linked to activity in the DLPFC. A
significant relationship has also been reported between brain volumes in the DLPFC,
especially the left, (derived from magnetic resonance imaging (MRI), and neurocognitive
performance putatively linked to prefrontal function (Seidman et al., 1994). However,
other authors have suggested that it is the fronto-striato-thalamic networks that are
disrupted in schizophrenia (Pantelis, Nelson, & Barnes, 1996).

Pantelis and colleagues (1997) compared performance on tests of executive function
sensitive to the integrity of the frontostriatal circuitry in a group of chronic schizophrenics
and patients with neurosurgical lesions of the frontal and temporal neocortices. The
schizophrenic group and patients with focal frontal lesions demonstrated qualitatively
similar impairments. By contrast no performance similarities were noted between those
with schizophrenia and patients with focal temporal lobe/amygdalo-hippocampal lesions. It
was concluded that the deficits in executive functioning manifested by the schizophrenics
were not attributable to medial temporal lobe dysfunction but rather involved the
frontostriatal circuits (Pantelis et al., 1997). Deficits in performance on tests of
sensorimotor function have also been attributed to dysfunction in corticostriatal circuits
(Schwartz et al., 1996).
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Deficits in working memory remain despite variations in the levels of activation of DLPFC.
In one study, working memory impairment, as measured by an item recognition task, was
evident despite equal and significantly greater activation of the DLPFC relative to normal
controls (Manoach et al., 2000). Moreover, the basal ganglia and thalamus, components of
the frontostriatal circuitry, become activated only in schizophrenia subjects despite being
matched on task performance with normal cohorts.

Other studies, however, have identified changes in the medial temporal lobes. The pattern
of memory impairment observed in some studies of chronic schizophrenia has been likened
to that seen in classic amnesic syndrome (i.e. pervasive impaired delayed recall with
relatively intact immediate recall). This has been attributed to medial temporal lobe
dysfunction (Barta, Powers, Aylward, Chase, & et al., 1997; DeLisi, Dauphinais, &
Gershon, 1988; Fannon et al., 2000; Gold et al., 1995; Nordahl, Kusubov, Carter, Salamat,
& et al., 1996; Rossi, Stratta, D'Albenzio, & al., 1990; Suddath, Casanova, Goldberg, & al.,
1989). Flowever, the findings are equivocal as other studies report that the main deficit in
schizophrenia is on tests of immediate recall, with relatively spared recognition
performance. This pattern of results is similar to that seen in frontal lobe amnesic
syndrome providing support for memory impairment in schizophrenia being mediated by
frontal lobe dysfunction (Nathaniel-James et al., 1996).

The left cerebral hemisphere has been postulated as being disproportionately compromised
relative to the right in schizophrenia. The laterality hypothesis receives support from
imaging studies, post mortem studies (Coffman, Andreasen, & Nasrallah, 1984; Puri, Hall,
& Lewis, 1994; Reveley, Reveley, & Baldy, 1987) and findings of greater impairment in
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verbal abilities as opposed to nonverbal functions in schizophrenia. However, different
profiles of performance were observed in a group of schizophrenics compared to groups
with left temporal lobe epilepsy and right temporal lobe epilepsy on measures of attention,
memory and general intellectual performance (Gold et al., 1995). It was concluded that the
hypothesis of lateralised temporal lobe dysfunction provides an inadequate model of
neuropsychological impairment in schizophrenia. Equally, no laterality effects were found
in monozygotic twins discordant for schizophrenia in ventricular volume, anterior
hippocampal volume or anterior temporal lobe grey matter volume (D. Weinberger et al.,
1991).

While this literature defies easy summary, the widespread findings of pathology across
multiple studies of physiology, cognition and brain structure suggests that schizophrenia
involves widespread cortical dysfunction. The following chapter will briefly summarize
the literature reviewed by this thesis before discussing the significance, aims and relevance
of this study
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7

Synopsis of Thesis

The literature has revealed that schizophrenia is a severe clinical syndrome of extraordinary
heterogeneity which manifests differentially across individuals. There is substantial
variation in the presentation and type of psychiatric symptoms experienced, the impact of
the illness on neurocognitive functioning, and the biological and neurological basis of the
illness. Despite this, there is wide consensus that as a group, people with schizophrenia
typically exhibit marked neuropsychological impairment, compared to controls. Indeed,
there is a striking correspondence in the neuropsychological profile observed in people with
schizophrenia and patients with frontal lobe lesions. Further, performance by
schizophrenia patients on neuropsychological tests putatively sensitive to frontal lobe
functioning is analogous to that of frontal lobe patients.

The literature reviewed by this thesis suggests that the observed neuropsychological
impairment in schizophrenia is broadly based, in that a number of functional abilities and
skills are affected. Intellectual functioning is commonly reported as being compromised by
as much as ten intelligence quotient points. Impairment in multiple mnestic systems also
frequently occurs, including episodic and semantic memory, new learning, long term
memory, declarative memory, visual memory, verbal memory, memory for temporal order
and procedural memory. Information processing and attention deficits are commonly
reported in the literature.

Working memory deficits, even on extremely simple tasks, also epitomize schizophrenia
patients and are commonly documented in the literature. This is fundamental, as intact
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working memory has been reported as being a crucial component of executive functioning
and impaired working memory has been posited as underlying executive dysfunction in
schizophrenia, which is also particularly well documented in the literature. Hence, the
working memory model appears to have utility in accounting for some of the core cognitive
deficits in schizophrenia and may account for the disparate, and often inconsistent findings
in the literature.

Executive impairment is of particular importance as it characterizes functioning in
schizophrenia and is the empirical focus of this thesis. Executive functioning refers to self
regulatory processes that are responsible for the organisation of behavior and complex
problem solving. As such, impaired executive functions can have a deleterious impact on a
variety of other neuropsychological domains. Further, they can result in significant social
and occupational disability. Abilities that reflect executive functioning include sequencing,
concept formation, cognitive set maintenance, cognitive set shifting and the ability to self
monitor. Anticipation, goal selection, pre-planning, monitoring and the use of feedback are
also crucial components of executive functioning.

Despite inferior performance by people with schizophrenia (relative to controls), executive
functioning typically varies. Accordingly, the nature of the deficits in schizophrenia is
unclear. Moreover, a wide variety of abilities fall under this broad term and despite its
importance, executive functioning is a poorly understood construct. It is possible that some
executive functioning skills are subserved by independent sub-systems that may be
differentially or selectively vulnerable in schizophrenia.
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There is also disagreement about which neuropsychological measures are the most
appropriate to use. Multiple tests, putatively sensitive to various aspects of executive
functioning have been used in the literature and the relationship between them remains
unclear and to date no study has examined this in schizophrenia.

Levin and colleagues (1996) dissociated the various aspects of executive functioning in a
sample of children with documented frontal lobe brain injuries (see Table 40, page 139 for
a list of the tasks used by Levin and colleagues). Five underlying constructs were
identified—conceptual-productivity; planning; use of schemas; semantic clustering; and
inhibition. Severity of injury was found to be related to all of the factors except schema.
Age at testing time was reported as being related to the conceptual-productivity factor, and
inhibition and planning factors. Hence, the only factor not affected by age and/or severity
of injury was schema. The utility of the factors was supported by further analysis which
revealed that the factors were generally more sensitive than the individual tests to the
participants’ age at the time of testing and the severity of head injury. Moreover, the
volume of frontal lesions was significantly predicted by the factor scores for cluster,
schema and planning. Extrafrontal lesions were reported as being related to the schema and
planning factors. This suggests that variability in outcome is due to more than just age and
the severity of injury and that the frontal lobes played a significant role in clinical outcome
in the sample of head injured children.

The Levin et al. study (1996) supported and extended the finding that the Tower of London
Test is sensitive to frontal lobe pathology, particularly where strategic planning is involved.
Moreover, certain TOL indices were reported as having measurement characteristics
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distinct from other measures of executive functioning. Specifically, the percentage of
problems solved within trials and the number of broken rules represented the planning
dimension. The number of problems solved on the first trial was posited to represent the
ability to hold a mental representation in mind—schema. Initial planning time shared
variability with measures representing inhibition. In essence, the Levin et al. (1996) study
demonstrated that the TOL evaluates distinct components of executive abilities—namely,
planning, inhibition and the ability to hold a mental representation in mind.

The study by Levin and colleagues is relevant to this thesis because it demonstrates the
fractionability of executive abilities. Moreover, it delineates the underlying constructs.
Further, the participants had documented brain injuries, specifically in the frontal lobes.
This is significant because of the correspondence in neurocognitive profiles of
schizophrenia patients and patients with acquired frontal lobe lesions and the fact that
schizophrenia patients typically exhibit a variety of frontal lobe abnormalities. The
participants of the Levin et al. study (1996) were children aged from six to 16. This is
relevant to this thesis because the frontal lobes are thought to mature in late adolescence
and young adulthood which coincides with the peak incidence of schizophrenia.
Concomitantly, the biological maturation of the frontal lobes is postulated to be related to
the development of the psychological concept of executive functions and executive
functions are primarily dependent upon the prefrontal region. Hence, the factor structure
identified in the head injured children may bear resemblance to individuals with
schizophrenia.
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This thesis aims to explore the factorial structure of a number of tests representative of
executive functioning in an attempt to identify and elucidate the dimensions of deficit in
schizophrenia to common constructs and to determine the stability of the factor structure
identified by Levin and colleagues (1996). Initially, the measures used will be based on
those employed in the Levin et al. study (1996). Further, given the vast body of literature
which documents executive dysfunction in schizophrenia populations, performing separate
factor analyses on data produced by a control group may prove clinically useful by
elucidating aberrant executive functioning in the clinical group. Moreover, it will allow
comparisons as the factor structure of the control group may be more stable and more
representative of distinct components of executive functions.

Thus, this study will administer a range of neuropsychological tests representative of
executive functioning to participants with a diagnosis of schizophrenia and a normal control
group. The data will initially be analysed to determine if the two groups differ from each
other in terms of executive functioning. It is hypothesized that the neuropsychological
performance of the group with schizophrenia will be significantly poorer than the normal
control group.

The data will then be subjected to principal components analysis followed by orthogonal
rotation in order to reduce the array of variables with the aim of extracting several cognitive
constructs. It is hypothesized that the factor structure detected in the control group and
sample with schizophrenia will shared marked concordance with the Levin et al. (1996)
study in terms of the amount of variance extracted and the similarity of the individual
factors.
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In order to explore the stability and to clarify the initial cognitive constructs identified in
the control group and the group with schizophrenia, further factor analyses will be
performed where executive functioning measures representative of planning, inhibition, and
creativity will be manipulated. This may also help to determine if the Tower of London
provides discrete measurement characteristics in schizophrenia as well as potentially
improving understanding of the concepts operating in the two samples.

There has been some support from the literature that schizophrenia symptom subtypes may
be associated with different configurations of cognitive impairment. However, there has
been limited investigation of the relationship between executive dysfunction and
schizophrenic symptom expression. Specifically, it is unclear if the deficits in frontal-lobe
mediated abilities are expressed differentially across clinical subtypes.

To evaluate the clinical utility of the factor structures identified in the group with
schizophrenia and to elucidate the relationship between symptom subtypes and the
executive frontal factors, correlation analyses will be performed between factor scores (the
score that subjects would have received on each of the factors had they been measured
directly) and psychiatric symptoms. Psychotic symptomology will be assessed using the
Positive and Negative Syndrome Scale (PANSS) (Kay et al., 1987). Given the mixed
results reported in the literature it is hypothesised that robust relationships will not be found
between the two syndrome model of psychiatric symptoms and the factor scores
representing executive functioning.
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The literature indicates that the two-syndrome model is an inadequate representation of
psychiatric symptoms and there is growing evidence for a multisyndromal model.
Therefore, this thesis aims to explore the utility of a multisyndromal model in order to
determine if robust relationships exist between higher dimensional models of psychiatric
symptoms and the executive frontal factors. It is hypothesised that robust relationships will
be found between the higher dimensional model of psychiatric symptoms and the factor
scores of executive functioning.
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8
8.1

Method

Subjects

Two groups participated in the study. The clinical group comprised 51 individuals
diagnosed with schizophrenia or schizoaffective disorder. There were 60 normal control
participants. Thus, a total of one hundred and eleven subjects were neuropsychologically
assessed.

Clinical subjects were recruited from a public, regional psychiatric rehabilitation unit for
patients with chronic mental illnesses. Thirty-eight subjects were inpatients and thirteen
were outpatients. All participants amenable to psychological testing who had a DSM-IV
(American Psychiatric Association, 1994) diagnosis of schizophrenia or schizoaffective
disorder were included in the study. Diagnoses were determined from existing medical
records. Of the 51 subjects in the schizophrenia (SZ) sample, 43 had a diagnosis of
schizophrenia and 8 had a diagnosis of schizoaffective disorder. Clinical participants were
pooled because a comparison between the two diagnostic groups revealed no difference in
neuropsychological dysfunction. Specifically, the data produced by individuals diagnosed
with schizoaffective disorder were within the range of the schizophrenic data.

Normal control subjects (NC) were recruited from an Australian university. All control
subjects were psychology or nursing undergraduates who were required to participate in
research as part of their studies.
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Both groups gave written informed consent according to approval given by the ethics
committees of the participating institutions. Examples of the consent forms are in
Appendix 1. Some demographic details of the sample are shown in Table 1.

Table 1 Demographic details of the sample.
Variable

Schizophrenic Group
Mean

n
Age
Education

IQ
Drug & Alcohol History
Neurological History

s.d.
51

32.37
10.41
101.94

9.17
1.97
8.86

60%
30%

0.49
0.46

Matched Sub-samples
n

Normal Control Group

Range

Mean

17-50
8-16
78-117
-

-

s.d.
60

Range

24.5
12.64
110.61

8.8
1.21
6.93

18-53
11-16
89123

5%
29%

.22
0.46

-

42
insert

32
insert

32.05
104.65

9.62
6.74

17-50
92-117

27.63
107.25

10.19
6.66

19-53
89121

Wrat-R

99.59

12.24

56-119

110.16

9.67

NART

102.69

7.12

89-117

111.76

4.98

Ravens

100.55

8.57

73-129

66127
101121
-

Age

IQ
Separate IQ estimates

-

-

The average age of the schizophrenic group was 32.37 years at the time of testing. They
had completed a mean 10.41 years of formal education. The mean age at the onset of
illness was 21.21 years. Sixty percent of the group with schizophrenia had used drugs or
alcohol in their lifetime ascertained in this study as a positive or negative history of use. It
is important to note that a positive history does not necessarily indicate a drug or alcohol
problem. As the focus of this thesis is on executive functioning it was necessary to
administer a large number of commonly used neuropsychological tests, as well as symptom
measures and some general history assessment. Time limitations dictated that in order to
not overwhelm the clinical participants, extensive measures of drug and alcohol use would
not be administered. Thirty percent of the subjects with schizophrenia had experienced a
head-injury, defined as a loss of consciousness. The severity of injury was also considered
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based upon the Glasgow Coma Scale criteria. That is, subjects who had experienced a
moderate to severe head injury, defined as a loss of consciousness exceeding 20 minutes,
were excluded from the entire study. Of the fifty-one schizophrenia subjects, all but one
were taking prescribed neuroleptic medication at the time of testing. Medication data were
unavailable for six participants. The remaining forty-four subjects had a mean
chlorpromazine (CPZ) equivalent of 552.41 mg (SD = 308.86) per day, (range 150
milligrams - 1375.00 milligrams). The length of the current hospitalization ranged from a
minimum of four weeks to a maximum of two years. While the schizophrenia sample was
predominately male (84.3%) the control sample was predominately female (73%). Even
though there was an uneven sex distribution in this sample, the literature suggests that
gender effects are minimal or non-existent in neurocognitive performance on the dependent
variables utilised in this study (Albus et al., 1997; Goldberg, Gold, Torrey, & Weinberger,
1995; Mahurin, Velligan, & Miller, 1998). Indeed, even after controlling for potential
confounds such as age, premorbid IQ and age at illness onset, no differences in cognitive
performance were reported between the genders on a battery of neuropsychological tests in
a group of men and women with schizophrenia (Hoff et al., 1998).

Controls had a mean age of 24.5 years and a mean education of 12.64 years. Five percent
of the normal controls confirmed they had used drugs and/or alcohol at some point in their
lifetime. This value seems extremely low in comparison to the general community, in
particular with regard to alcohol use, and as such may be invalid. It is unclear why the
control group may have misrepresented drug and alcohol use. Participants from the control
group were required to participate in research as part of their studies. It is therefore
possible that they understated ingestion of drugs and alcohol for privacy reasons. The
71

group with schizophrenia, as a whole, contained apparently more participants who had used
drugs or alcohol over their lifetime (z = -6.14, p = .000). The probable underreporting by
the controls suggests, however that this group comparison may be invalid and any
interpretation regarding drug and alcohol use must be viewed with caution. Twenty-nine
percent of the control group confirmed they had sustained a head-injury, defined as loss of
consciousness. Those with moderate to severe injuries—a loss of consciousness exceeding
20 minutes, (as defined by the Glasgow Coma Scale criteria)—were excluded from the
study. The groups were not significantly different in terms of the number of participants
who had sustained a head injury (z = -.078, p = .938). The schizophrenia group was
significantly older, (Wilcoxon Rank Sum, z = -4.690, p = .000) than the normal control
group and had significantly less years of formal education (z = -6.516, p = .000). Estimated
WAIS-R Full Scale IQ (measured as described below) was significantly lower in the
schizophrenia sample than in the controls (101.9 vs 110.6 respectively; t = -5.784, df = 109,
p = .000). In order to control for the potentially confounding effects of age and IQ on the
neuropsychological comparisons a sub-sample from each group that were matched on these
variables (Age, t = 1.909, df = 72, p = .06), (IQ, t =-1.656, df = 72, p = .102) were
compared.

8.2

Procedure

The author recruited participants for the schizophrenia group by attending consumer
meetings, held each morning for the patients of the institution, and briefly presented the
aims and nature of the study. All interested individuals were asked to volunteer by
approaching the author directly, or by informing medical staff of their interest.
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Occasionally a potentially suitable patient, as identified by the author, was approached
individually to determine if they were willing to participate. An individual time was
negotiated with all those amenable to participation. At this meeting volunteers were
provided with the Information for Participants sheet (see Appendix 2) which outlined the
aims, significance and procedure of the study. The author also gave a full verbal
explanation. The Consent Form was then briefly explained and volunteers were required to
read and sign it if they still agreed to participate. The Consent Form requested three
separate signatures. The first consent related to the release of individual results to the
participating institution for entry into a database, which would be accessible to authorized
clinical staff to help design suitable treatment regimes. The second consent gave
permission for the author to access hospital records to obtain information such as
demographics. If participants were interested in obtaining group results (individual data
were not made available) agreement to contact the author at the end of the project was
obtained. The participants were informed that they were free to withdraw any of the
consents, or from the study, at any time, without penalty. Involuntary patients, or those
under the care of a guardian were not recruited as their ability to provide fully informed
consent may have been compromised. If a scheduled patient requested to participate they
were referred to their treating psychiatrist for a decision regarding their ability to provide
informed consent.

Existing medical records from the participating clinical institution were then examined to
collect demographic data, such as age, sex, diagnosis, years of education. Schizophrenia
subjects were assessed when they were clinically stable enough to participate in testing
procedures. This was determined by medical staff in consultation with the patient and the
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author. The Positive and Negative Syndrome Scale (PANSS) (Kay et al., 1987), a 30 item,
7 point rating scale, was administered by the author at the conclusion of testing to quantify
and assess any residual psychotic symptomatology. The author received extensive training
on administration and scoring of the PANSS and achieved good inter-rater reliability scores
in this process. This enabled the measurement of Positive symptoms, Negative symptoms
and General symptoms, as categorized by the PANSS.

Control subjects were required to participate in research as part of their studies and were
recruited through the standard procedures of the participating university department.
Specifically, a flyer was placed on the psychology/nursing undergraduate notice board.
Students interested in participating wrote their names in an available time slot and arrived
at the examination room at this designated time. Students were given a verbal description
of the research together with an Information for Participants sheet (see Appendix 2), which
they were required to read. If they still agreed to participate they were required to read and
sign the Consent Form (see Appendix 1).

A selection of commonly used neuropsychological tests (see Table 2 below) were
administered to all subjects. AJ1 tests were administered individually in a small room with
minimal extraneous stimulation. Standardised administration instructions and scoring
methods were adopted for each test. The author administered all tests. Eight tests of
executive functioning and two or three IQ tests were administered in the order listed in
Table 2 for all subjects. The time taken to complete all the tests varied greatly among the
schizophrenia group, from a minimum of 2.5 hours to a maximum 5 hours (average testing
time of 3 hours). It was necessary to test some participants with schizophrenia over several
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sessions. Specifically, neuropsychological examinations were interrupted at predetermined
points when participants required a break or institutional demands impinged (e.g.
medication, medical rounds, discharge). Generally, schizophrenia subjects were allowed to
continue for as long as it took to complete each test, unless it became clear that they were
unable to or they became distressed. If this occurred, testing was suspended and resumed at
a later time. In the control group, testing time was approximately 2 to 2.5 hours.

Table 2 Order of administration of intelligence measures, executive functioning tests
_______ and psychopathological symptom assessment_______________________
Intelligence tests
•
•
•

Wide Range Achievement Test (WRAT-R)
National Adult Reading Test (NART)
Raven's Standard Progressive Matrices (Ravens)*

Executive Functioning Tests
•
•
•
•
•
•
•
•

Ruff Figural Fluency Test (RFFT)
California Verbal Learning Test (CVLT)
Go No-Go
The Trail Making Test (TMT)
The Stroop Color and Word Test (Stroop)
The Controlled Oral Word Association Test (COWAT)
Tower of London (TOL)
Wisconsin Card Sorting Test (WCST)

Psychotic Symptoms
______ *
Positive and Negative Syndrome Scale (PANSS)*_____________________________________
*Administered only to schizophrenia subjects.

8.3

Neuropsychological Assessment

Traditional measures of psychometric intelligence were administered together with other
neuropsychological tests, in the order presented in Table 2, to all subjects. Tests were
selected for their sensitivity to executive and frontal lobe functioning (Lezak, 1995).
Executive functioning is a broad term which Lezak (1995) suggests encompasses four
components—volition, planning, purposive action and effective performance. Accordingly,
tests were selected to evaluate a number of executive skills including planning ability and

75

purposive action. Planning ability was conceptualized as involving the ability to abstract,
conceptualise and set goals, conceptualise change, conceive and weigh alternatives, make
choices, control impulses, hold stimuli in memory, and sequentially identify and organise
step. Purposive action was conceputalised as including the ability to initiate and switch or
change action, integrate, order/sequence, self regulate in terms of productivity and
flexibility and capacity to shift/self correct, self monitor, recall rules and adhere, be
creative. The tests employed in this study are commonly used in the literature and
individuals with schizophrenia typically exhibit dysfunctional test performance relative to
normal cohorts. One of the aims of this study was to explore the stability and robustness of
the factor structure of executive functioning identified by Levin et al. (1996) in a headinjured population. Consequently, it was important to utilise as many of the same tests as
possible as used by Levin and colleagues. Details of the executive functioning tests are
provided below in section 8.3.2

8.3.1

Measures of Premorbid Intellectual Functioning

The National Adult Reading Test (NART) (Nelson & Willison, 1991) is commonly used to
obtain estimates of premorbid intelligence (IQ) where there has been a decline following
brain injury, dementing processes or some type of cortical deterioration. This test is based
on the assumption that reading is a robust ability that is relatively preserved in organic and
clinical conditions despite deterioration in other cognitive functions. It consists of a 50word reading and pronunciation list that does not follow letter-to-sound rules. As such, the
NART relies on recognition reading as phonetically irregular words cannot be sounded out
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and can only be correctly read if prior knowledge or familiarity with the word exists
(Lezak, 1995).

NART error scores are used in an equation to predict premorbid WAIS Full Scale IQ
scores: Predicted WAIS Full-Scale IQ = 127.7 - 0.826 (NART error score) (Nelson,
1991). The range of predictable IQ’s on the NART is restricted to 86 - 128. As such, the
NART has been criticized as being insensitive in estimating intelligence in the superior and
below average ranges. The NART cannot be used in individuals whose first language is not
English, or where a reading disability, or illiteracy is present. Equally, a number of studies
have reported that the NART is not a good predictor of premorbid IQ in clinical conditions
such as schizophrenia (Crawford et al., 1987, 1992; Crawford et al., 1988; Russell et al.,
2000) and that results may be influenced or confounded by the disease process itself (Tracy
et al., 1996).

Johnstone and colleagues (1996) reported that the Wide Range Achievement Test-Revised
(WRAT-R) (Jastak & Wilkinson, 1984), Reading subtest (Level 2), is the preferred
measure of premorbid verbal intelligence in clinical populations because of its
psychometric and other properties. Specifically, the WRAT-R has superior normative data
and has a broader range from floor to ceiling than the NART (i.e. 4 6 - 150 versus 8 6 -1 2 8
NART). Its standard deviation is equivalent to the Weschler Adult Intelligence ScaleRevised (WAIS-R) (Wechsler, 1981). The WRAT-R has also been reported to be a better
estimate of premorbid verbal IQ for individuals in the lower IQ ranges, who are purported
to be at higher risk for traumatic brain injury (Johnstone et al., 1996). The reading subtest
presents a 75-word reading and pronunciation list, and the following equation provides an
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IQ estimate (Kareken, Ruben, & Saykin, 1995): FSIQ = 41.93 + 0.59 (READ) + 1.28
(FED)-9 .5 9 (RACE); where PED is years of parental education, READ is the raw score
converted into standard scores (from the manual) and RACE was coded 1. (In Kareken et.
al.’s research race could be coded 2 for “black”. This was unnecessary in this study as the
sample was drawn primarily from a Caucasian population with no African American or
Hispanic participants.)

Unlike the NART, however, the WRAT-R Reading subtest was not designed for the
purposes of estimating premorbid intellectual functioning and so both tests have their
limitations. Further, schizophrenia affects aspects of both premorbid and postmorbid
functioning. Accordingly, Tracy and colleagues (1996) argued that reading and vocabulary
may not be acquired normally and may be affected prior to the onset of illness. Moreover,
these abilities may not be stable over time or resistant to the illness (Tracy et al., 1996).
Therefore, Raven’s Standard Progressive Matrices (Raven, 1966) was also administered to
the schizophrenia sample.

This multiple-choice paper and pencil test, consists of a series of visual patterns where one
piece is missing. The participant’s task is to select the piece, from a number of alternatives,
which will complete the pattern correctly. It requires the subject to conceptualise
numerical, design and spatial associations. Test items range in complexity from self
evident and concrete to obscure and abstract (Lezak, 1995). This test was administered to
the schizophrenia group because it is non-verbal, is not dependant on language or prior
education, and it is resistant to variations due to cultural contexts and influences. The test
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was not administered to the normal controls as the NART and the WRAT-R provide
adequate estimates of IQ in non-clinical populations.

The use of more than one index to estimate premorbid levels of functioning is
recommended (Russell et al., 2000). Thus, the schizophrenia sample completed three tests
for estimation of IQ (NART, WRAT-R Read subtest and Raven’s) and a composite score
was created by averaging the scores from the three methods of estimation:

Composite IQ = NART IQ + Ravens IQ + WRAT-R IQ
3
Controls completed only two tests for estimation of IQ (NART and WRAT-R Read subtest)
and a composite score was calculated by averaging the scores from the two tests. These
composite scores were used in the analyses reported below. Inspection of the IQ scores
estimated by each test separately, which are presented in Table 1, indicates that the various
tests used to estimate full scale IQ produced very similar estimates within each group (SZ:
Wrat-R = 99.59, NART = 102.69, Ravens 100.55; NC Wrat R = 110.16, NART = 111.76).
As the scores are so similar it suggests that the composite scores provides an accurate and
unbiased measure of IQ, and that the addition of the Ravens for the SZ group in fact made
no difference to the estimate that would have been obtained from a composite averageing
the Wrat-R and NART alone.

8,3.2

Tests of Executive Functioning

All subjects completed eight commonly used neuropsychological tests which purportedly
tap different dimensions of executive functioning, as displayed in Table 2. These
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traditional psychometric instruments are thought to provide information concerning an
individuals’ frontal lobe functioning and integrity. The selected tasks were based on those
employed by Levin and colleagues (1996) (see Table 40, page 139) who recently
dissociated the various aspects of executive functioning, as measured by various
neurocogmtive tests putatively sensitive to frontal lobe damage, in a brain injured
population. This study did not administer The Twenty Questions task as it is not typically
used to assess executive functioning. Each test will be discussed below in order of
administration.

8.3.2.1 The Ruff Figural Fluency Test (RFFT) (Ruff, Light, & Evans, 1987)
This test consists of five parts, each of which has 40 adjoining squares that contain a
configuration of five dots symmetrically or randomly arranged (see Appendix 3). On two
parts of the test the dot matrices are juxtaposed with interference designs. Specifically, the
squares on the first sheet contain five dots arranged symmetrically. The second sheet
contains the same symmetrically arranged dots plus an interference design of nine
symmetrically arranged geometric shapes. The interference design on the third sheet is the
inclusion of heavy straight black lines which form patterns within each square and also join
up with neighbouring squares. The fourth and fifth sheets contain five dots randomly
arranged. The participant’s task is to invent as many drawings or designs that are not actual
objects nor abstract namable shapes, such as geometric forms, within a sixty second time
limit. At the same time, the designs must not merely be scribbles. The participants were
given the test instructions together with three samples of the stimuli presentation to
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complete. Brightly coloured markers were used to emphasize and clarify the participants’
designs. The following instructions were given for each part of the test:-

In front of you are three squares, each containing five dots. I want you to connect two or
more of the dots with straight lines. The purpose is to make as many different designs, or
patterns, as possible. Each design has to be different in some way from all the others (Ruff
et al., 1987).

During sample completion the participant may be reminded of the instructions. Upon
completion of the sample, the instructions are re-emphasized. Participants are then given
one minute per sheet to complete as many designs as possible. All participants were timed
using a stopwatch.

Table 3 shows the three measures derived from the Ruff Figural Fluency Test. The number
of scoreable designs provides a measure of an individual’s productivity. The repetitions
score offers an indication of the ability to approach a task creatively and strategically.
Concomitantly, it also identifies how rigidly an individual approaches and completes the
task. This will provide information about flexibility and creativity in individuals with
schizophrenia and normal cohorts. This will allow comparative analysis to be conducted
which may elucidate how individuals with schizophrenia approach tasks: creatively or
rigidly. Equally, the ability to follow rules can be assessed by this index, as can short term
memory because proficient performance demands that the generated designs be held in
memory so as to avoid repetitions. The number of rotated designs can be used to determine
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how the task was approached. Lezak (1995, p669) states that “a series of orderly, non
repeating rotations are the hallmark of a strategic approach”.

Table 3 Dependent Variables derived from the Ruff Figurai Fluency
_______ Test.________________________________________________
Dependent Variable
•
•
______ •

Number of scoreable designs, summed over 5 trials
Number of repeated designs
Number of rotated designs______________________________________________

8.3.2.2 The California Verbal Learning Test (CVLT), Adult Version (Delis,
Kramer, Kaplan, & Ober, 1987)

This test involves the presentation of 16 words, which belong to one of four semantic
categories, over five trials. The test-items are presented as a “shopping list” either
“Monday” or “Tuesday” (interference list). Each trial is followed by immediate recall of as
much of the list as possible. After the fifth trial a 16-word interference list (“Tuesday’s”
list) is presented, followed by immediate recall of that list. The participant is then required
to free recall as many words from “Monday’s” list as possible. A cued-recall trial of the
“Monday” list, based on the semantic categories, is then administered. After a 20-minute
delay long term free and cued recall trials of the “Monday” list are administered. Testing is
completed with a recognition trial of the same list. This test provides a number of measures
which assess the numerous strategies and procedures involved in learning and remembering
verbal stimuli. Importantly, in addition to providing a measure of the amount of verbal
recall/learning it also gives indications as to how verbal learning occurs. For example, the
CVLT quantifies strategies involved in learning such as using semantic and/or serial
learning approaches. Equally, information regarding the serial position of the stimuli can
be assessed. Table 4 sets out the measures derived from the CVLT. While the majority of
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the indices are self explanatory some require clarification. For example, false positives on
the recognition subtest is the number of words incorrectly identified as belonging to the
recognition target list. The discriminability score provides a measure of the ability to
differentiate between target items and distractor items. It is derived by inserting the
number of misses (items not recognized as belonging to the target list) and the false
positives into the formula, noted below.

________________________ + ______________________

(1 - False Positives_______ Misses ) x 100
44
= (1 - ___) x 100 = _________
The total cluster score, as seen in Table 4, is the number of correct words consecutively
recalled from the same semantic category summed over all trials of the test. The
perseveration score is derived by adding the number of words repeated over all trials.
Intrusions are responses which are not included in the target list, summed over all trails.
The ability to filter information has been reported as being impaired in schizophrenia
patients (Everett & Laplante, 1991). Consequently, this score may provide interesting
information about self regulation/monitoring and susceptibility to interference. The cluster
score is also of particular interest in this study because it provides an index of the ability to
use cues inherent within the task to facilitate learning. Memory deficits are frequently
reported in schizophrenia (Harvey, 2000; Nathaniel-James et al., 1996), consequently
inferences are possible, beyond mnemonic deficits, about how an “everyday memory task”
(Delis et al., 1987, p i) is approached by individuals with schizophrenia.
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Table 4 Dependent Variables derived from the California Verbal Learning Test
Dependent Variable
•
•
•
•
•
•
•
•
•
•
•
•

Total number of words immediately recalled over the five learning trials
Number of words immediately recalled on List B
Number of words recalled after short delay, free recall condition
Number of words recalled after long delay, free recall condition
Number of words recalled after short delay, cued recall condition
Number of words recalled after long delay, cued recall condition
Number of words accurately identified/recognised as belonging to the
target list
Number of false positives on recognition
Discriminability score
Total cluster score
Total perseveration score
Total intrusion score

8.3.23 Go No-Go

This experimental test paradigm was administered on a Dell Latitude lap-top computer.
Four hundred stimuli (letters J, R, N and T) were presented. The order of presentation was
randomized using Excel. The rate of presentation was one stimulus every 1776
milliseconds. Subjects were required to respond by pressing a key on the keyboard
whenever any one of two letters appeared (Go component) and withholding responses to
the remaining two letters (No-Go component). The letters for the Go and No-Go
component were randomized across subjects. An inhibitory response was required 25% of
the time. As can be seen in Table 5 below, five scores are derived from this test. The
ability to control impulses and withhold responses is of particular interest to this study.
Disinhibition is a commonly reported problem in individuals with schizophrenia
(Christensen, 1999; Poole, Ober, Shenaut, & Vinogradov, 1999). Consequently, the
percentage of false alarms may provide interesting information about the ability to inhibit
responses in schizophrenia subjects compared to normal control subjects.
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Table 5 Dependent Variables derived from the Go No-Go Task.
Dependent Variable
•
•
•
•
•

Number of stimuli correct on Go component
Number of stimuli missed on No-Go component
Number of responses correctly inhibited on No-Go component
No-Go percentage False Alarms
Mean Reaction Time

' Reaction time in milliseconds

8.3.2.4 The Trail Making Test (TMT) (Reitan, 1992).

The Trail Making Test of the Halstead-Reitan Battery consists of two trials (A and B) from
which two latency measures are derived, as shown in Table 6. During the first trial, Part A,
subjects are required to connect consecutively numbered circles, which are in a random
spatial format, as quickly as possible. Part B requires the consecutive connection of
number and letter combinations, which are also in a random spatial array, by alternating
between the two sequences (e.g. 1-A, 2-B). This test involves visual scanning and shifting.
It places demands on attention which must be sustained throughout the task. It also
requires speed and agility in motor skills. Successful performance, particularly on Part B
requires conceptual understanding and subjects must be able to follow and switch
sequences mentally. Thus, a degree of flexibility in shifting is required. The TMT was
included in this study because it is reportedly highly sensitive to neuropsychological
impairment (Lezak, 1995) and numerous studies have documented impaired performance
by individuals with schizophrenia.

Table 6 Dependent Variables derived from The Trail Making Test.
Dependent Variable
•
Time taken to complete Trails A
______•
Time taken to complete Trails B________________________________
Times were measured in seconds.
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8.3.2.5 The Stroop Color and Word Test (Stroop) (Golden, 1978)

The Stroop test consists of three trials of 100 items each. The first trial requires subjects to
read a list of colour names (red, green and blue) printed in black ink on white paper. The
second trial requires subjects to name the colour of the ink that a series of x’s (e.g. XXXX)
are printed in, either red, blue or green. The final trial consists of colour names printed in
different coloured inks. Subjects are required to state the colour of the ink that the word is
printed in, whilst ignoring the actual word. Subjects are given 45 seconds to complete as
much as possible of each part of the test.

This test reputedly provides a measure of frontal lobe functioning and selective attention.
Subjects are required to inhibit interference from a word naming response. Accordingly,
participants must select and process only one visual feature while continuously blocking
other stimulus features. Response slowing during the third trial has been variously
attributed to response conflict, failure of response inhibition, or failure of selective
attention. Clinical trials have revealed that easily distractible subjects and those who have
difficulty concentrating are likely to fail the Stroop. Indeed, in comparison to controls,
individuals with schizophrenia typically exhibit impaired performance on the Stroop
(Baxter & Liddle, 1998; Boucart et al., 1999; Carter et al., 1992).

The Stroop was included because it provides information about how effectively subjects are
able to concentrate, but more importantly, for this study, it provides information about
cognitive flexibility and creativity. Table 7 displays the four scores generated by the
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Stroop: a word score, a colour score, a colour/word score and an interference score. These
scores represent the number of stimuli subjects read within the time limit, corrected for age.
A predicted colour word score is derived by inserting age corrected scores into the
following formula: -

W x C = ---- x ----W + C ---- H------- = Colour/Word Predicted Score
The predicted score can then be used to determine the interference score, which is produced
by subtracting the actual colour/word score from the predicted colour/word score.

Table 7 Dependent Variables derived from the Stroop Color and Word Test
Dependent Variable
•
•
•
•

Stroop Word score
Stroop Colour score
Stroop Colour/Word score
Interference score

8.3.2.6 The Controlled Oral Word Association Test (COWAT) (Benton &
Hamsher, 1989)

This test consists of three word-naming trials in response to the presentation of a letter of
the alphabet. Participants are required to generate as many words as possible (excluding
proper nouns, numbers or the same word with different suffixes) that start with the letter
presented. Three normed letter categories are run (CFL) corresponding to easy, moderate
and difficult in consecutive 60-second trials. Table 8 below shows that one dependent
variable is produced, being the total number of acceptable words summed over the three
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trials. This test is reputedly a sensitive indicator of brain dysfunction and deficits in
performance have been associated with frontal lobe damage. Performance can be
facilitated by the use of phonemic cues to assess retrieval from reference memory, or long
term memory. Verbal fluency deficits in schizophrenia have been commonly reported in
the literature and can be considered a familial trait marker for the disorder (Chen et al.,
2000; Crowe, 1996; Joyce et al., 1996). Accordingly, this test is classically used to assess
neuropsychological functioning in schizophrenia.

Table 8 Dependent Variables derived from the Controlled Oral Word Association
_______ Test_________________________________________________
Dependent Variable
______*

Total number of words produced over three trials___________________________

8.3.2.7 Tower of London (TOL) (Colorado Assessment Tests, 1998) (Shallice,
1982)

A computerized version of this test was administered to assess problem solving and
strategic planning abilities. It involves the rearrangement of beads on vertical rods from
their initial position to match a predetermined goal model. The test items become
increasingly complex and require a greater number of sub-goals to reach solution. Seven
trials were presented at each of the three levels, making a total of 21 trials presented in
order of increasing difficulty. The levels contained trials with three beads and three pegs;
four beads and four pegs and five beads and five pegs. The measures derived from the
TOL are set out in Table 9. It is important to note that TOL measures commonly used in
the literature were not available to this study due to the particular computerised version of
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the test being employed. The number of moves made reflects the number of beads which
were moved to attain solution. The number of excess moves, as its name suggests, is the
number of moves over and above the optimum required to attain solution on each trial.
Within this study, average pick-up time reflects the amount of time taken to pick beads up
over each level.

The TOL engages visuospatial and central executive abilities, both of which have been
reported as impaired in schizophrenic individuals relative to normal cohorts (Keefe et al.,
1997; Kim, 2001). The central executive is postulated as having a vital coordinating role
particularly in determining attentional focus during the TOL task (Roberts & Pennington,
1996).

Table 9 Dependent Variable Measures derived from the Tower of London test*•
Dependent Variable
Level 3
•
•
•
•
•
•
•

Number of moves made
Number of excess moves
Average pick-up time
Average total time
Total trials time
Average trial time
Percentage of trials solved within minimum moves at Level 3

Level 4
•
•
•
•
•
•
•

Number of moves made
Number of excess moves
Average pick-up time
Average total time
Total trials time
Average trial time
Percentage of trials solved within minimum moves at Level 4

Level 5
•
•
•
•
•
•
•

Number of moves made
Number of excess moves
Average pick-up time
Average total time
Total trials time
Average trial time
Percentage of trials solved within minimum moves at Level 5

Aggregate Measures
•
Percentage of problems solved within minimum moves over complete test
• _______ Total average pick-up time over test__________________________________
All times were measured in milliseconds.
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TOL produces multiple measures, many of which provide unique cognitive information
distinct from other executive function measures. In particular, TOL percentage of problems
solved within three trials together with the number of broken rules have been reported as
being sensitive to planning. Problems solved on Trial one is postulated to characterise
schemata—the capacity to hold a mental account of the current task. Initial planning time
is purported to be sensitive to the ability to withhold incorrect responses, thus, it has been
conceptualized as providing an index of inhibition (Levin et al., 1996). Unfortunately, in
this study, it was not possible to extract initial planning time (as reflected by the time to
pick up the first bead) from the average pick up time over each level. The latter was
conceptualized as also providing information about inhibition.

As this test has been reported as being sensitive to discrete elements of executive
functioning in neurologically impaired subjects, it is plausible that it can capture unique
aspects of neuropsychological functioning in schizophrenia.

8.3.2.8 Wisconsin Card Sorting Test (WCST) (Heaton et al., 1993)

A computerized version of this test was administered (Colorado Assessment Tests, 1998) to
assess cognitive flexibility, abstract reasoning, concept formation and problem solving. It
requires the participant to sort/match 128 stimulus cards, each of which has one of four
geometric symbols (triangle, star, cross, or circle) in one of four colours (red, green, blue
and yellow). The cards can be matched according to three sorting principles: colour, form
and number. The computer provides feedback to every response (i.e. right, wrong) and the
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participant must deduce the correct sorting principle from the pattern of feedback. The
computer program scored the data and provided summary scores for the measures detailed
in Table 10, with the exception of percent conceptual score. This score is thought to
indicate whether an individual has insight into the correct sorting principle (Heaton et al.,
1993). It is defined as the number of correct responses which occur consecutively in runs
of three or more. This study utilized the formula provided in the manual to calculate this
index as follows
Percent conceptual score

= Total number of conceptual responses x 100
Total number of trials administered

This test provides a measure of frontal and diffuse dysfunction and has been demonstrated
to be a valid index of abstracting ability and conceptual flexibility or shifting behaviour.
Perseveration has been documented in schizophrenic populations indicating impaired
ability to profit from environmental feedback. Perseverative errors are defined as the
continued use of incorrect responses previously identified as correct in the preceding
sorting category, or the persistence of an incorrect new hypothesis, despite negative
feedback.

Table 10 Dependent Variables derived from the Wisconsin Card Sorting Test
Dependent Variable
•
•
•
•
•
•
•
•
•
•
______ •

Number perseverative responses
Number non-perseverative responses
Total errors
Number of cards correctly sorted
Number of categories achieved
Average cognitive latency on correct cards
Average cognitive latency on perseverative responses
Average cognitive latency on non-perseverative errors
Average cognitive latency on errors
Average cognitive latency to complete categories
Percent conceptual score____________ __ ________________________________________
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8.3.3

Normal control group and schizophrenic group sample sizes
for neuropsychological indices

Complete data from every test were collected for all 60 of the control sample. Problems
with computer equipment, however, resulted in the loss of results for seven control subjects
on the Go No-Go task (N= 53).

Within the schizophrenic group, complete data were collected from 43 participants. One
participant with schizophrenia was discharged prior to testing being completed and one
refused to participate in computerized testing (TOL, WCST). Four participants refused to
either complete testing or refused a particular test. Two participants died prior to testing
being completed. Three partial sets of data were lost due to computer malfunction on the
Go No-Go test.

Table 11 shows the final sample size for whom data were available for each
neuropsychological test, together with the sample sizes for the sub-group matched on age
and IQ.

Table 11 Final sample sizes for each neuropsychological test for
Schizophrenic Group and Normal Control Group and for each
Group matched on Age and IQ
Test

RFFT
CVLT
Go No-Go
TMT
Stroop
COWAT
TOL
WCST

scz
N
51
50
44
48
47
48
45
43

NC
N
60
60
53
60
60
60
60
60
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M atched Group
NC
SCZ
N
N
42
41
35
39
38
39
36
35

32
32
29
32
32
32
32
32

8.4

Data Analysis

The strategic approach to analysing the data was three pronged: first, the performance of
the schizophrenic and control samples were compared on each individual test; second,
factor analyses were conducted to examine specific cognitive constructs and thirdly,
correlation analyses were conducted between factors scores from the group with
schizophrenia and psychopathological ratings derived from the Positive and Negative
Syndrome Scale (PANSS).

Each cognitive test was analysed separately for the overall sample as well as for the sub
group matched on age and IQ, using parametric and nonparametric tests where appropriate.
All test variables were examined for normality. This was determined by examining normal
probability and detrended normal probability plots, together with the Kolmogorov-Smimov
and Shapiro-Wilk statistics (where the sample size was less than 50), with a Lilliefors
significance level, p=0.05. As the data diverged from normal distributions transformation
techniques were applied in an attempt to approximate normality. Square root, logarithm
and inverse transformations were applied. After transformation the data failed to
approximate normality and as a consequence nonparametric tests were employed, where
appropriate. Outliers were distinguished in a two-step process. Firstly, box-plots were
examined to identify extreme values, defined as scores falling below the 25 percentile or
above the 75th percentile. Extreme values were classified as outliers if they fell three or
more standard deviations above or below the group mean for the particular variable.
Adopting this definition was considered valid because: 1) large variation in neurocognitive
performance is characteristic of schizophrenia, 2) maintaining a narrow definition of an
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outlier would exclude representative subjects, 3) variation in the spread of the scores is
desirable in factor analytic studies, 4) statistical power would have been undermined by a
small sample size (Tabachnick & Fidell, 1989). Outliers were excluded from analyses of
individual tests. Multivariate outliers were identified by computing the Mahalanobis
distance of each case from the centroid; the mean of all the variables (Tabachnick & Fidell,
1989). One multivariate outlier was identified within the schizophrenia sample and two in
the normal control sample. Multivariate outliers were excluded on individual tests where
they were outliers and they were excluded from factor analysis and correlation analyses.

General linear model of analysis of variance and Wilcoxon Rank Sum tests were used to
compare the neuropsychological test performance of the schizophrenia sample and the
normal control sample as well as to provide a comparison with previously published
studies. Due to the vast number of measures compared, alpha was set at a more stringent
p<0.005 to determine significant differences between groups. Since the schizophrenia and
control samples differed in age, IQ and educational attainment, these variables should have
been included as covariates in analysis. However, many of the dependent variables were
not normally distributed, thus preventing traditional analysis of covariance. Therefore,
correlation analyses were performed to examine relationships between performance on the
cognitive tests and the various demographic variables that differed between groups (age,
education level, FSIQ), as well as several other potential confounds, such as cerebral insult
history and drug and alcohol history. These correlations were conducted in the normal
control group only. This provided an indication of the potentially confounding variables
that would need to be used as covariates in analysis. It was deemed appropriate to establish
the existence of any such relationships within the control group alone as it is possible that
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such relationships may be altered or confounded further by the condition of schizophrenia.
In addition to these potential confounds the relationships between neuropsychological test
performance and medication levels and psychiatric diagnosis were also examined in the
schizophrenia sample. Where significant relationships were found between performance
measures (the dependent variables) and potential confounds (e.g. age and IQ), determined
at an alpha of 0.05 two-tailed, the latter were included as covariates in the analysis of
variance of normally distributed dependent variables.

An important step in data analysis was to attempt to reduce the vast array of variables from
the test battery by factor analysis with the aim of extracting several cognitive constructs.
Used descriptively in this way, factor analysis could be conducted even if some of the
variables were not normally distributed, the only consequence being a slightly degraded
solution (Tabachnick & Fidell, 1989). The principal components method of factor analysis
was used, with orthogonal rotation because it was considered that the underlying executive
functioning processes were independent of one another. Varimax rotation was conducted
to minimize the complexity of the factors. This extraction technique was considered
appropriate, as this is the most commonly used method in initial factor analytic studies
(Tabachnick & Fidell, 1989). Moreover, it resulted in a parsimonious solution with good
scientific utility, consistency and meaning. The data were examined for suitability for
factor analysis by computing the Kaiser-Meyer-Olkin Measure of Sampling Adequacy.
This indicates the proportion of variance in the variables which is common, potentially
caused by underlying factors. The Bartlett’s test of sphericity was also examined which
indicates whether the correlation matrix produced in the factor analysis is an identity
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matrix. That is, it determines if there are unrelated or if there are significant relationships
among the variables.

Factor scores, which represent approximations of the scores that a participants would have
received on the cognitive constructs had they been measured directly (Tabachnick & Fidell,
1989), were produced and analysed as another dependent variable. Normality was
determined by examining normal probability and detrended normal probability plots,
together with the Kolmogorov-Smimov and Shapiro-Wilk statistics (where the sample size
was less than 50), with a Lilliefors significance level, p=0.05. The two-step process
described above was employed to determine outliers. Extreme values, scores falling below
the 25th percentile or above the 75th percentile in box-plots were used to identify potential
outliers. Outliers were again defined as scores falling three or more standard deviations
above or below the factor score mean. Outliers were excluded from the analyses.
Correlational analyses were conducted to examine the relationships between the
schizophrenia group factor scores and summary scores of psychiatric symptomatology,
derived from the PANSS. Correlational analyses also examined relationships between the
cognitive construct factor scores and symptomatic cluster factor scores derived from a fivefactor model of schizophrenic symptoms from the PANSS (namely, positive and negative
symptoms, depression/anxiety, excitement and cognition).

Statistical significance was determined at an alpha of 0.05 for all procedures except for the
multiple tests comparing the schizophrenia and control samples on cognitive test
performance on multiple measures, where a more stringent alpha of 0.005 was adopted as
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described above. Analyses were conducted using SPSS for Windows Version 10.0 (SPSS
Inc., 1999).
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9
9.1

Results

Analysis Plan

This study intended to compare the neuropsychological functioning of a normal controls
with a group of people diagnosed with schizophrenia on tests putatively sensitive to
executive functioning. A major aim of the study was to reduce the array of variables with
the intention of extracting several cognitive constructs representative of executive
functioning. The stability of the initial cognitive constructs identified in both the control
group and the clinical will be explored in order to elucidate the concepts operating in the
two samples, particularly in schizophrenia. This study also aimed to determine if the
deficits in frontal-lobe mediated abilities are expressed differentially across the different
clinical subtypes manifest in schizophrenia. Accordingly, the clinical utility of the factor
structures identified in the group with schizophrenia will be explored in an attempt to
elucidate the relationship between symptom subtypes and the executive frontal factors.
Finally, this thesis aimed to explore the utility of a multisyndromal model in order to
determine if robust relationships exist between higher dimensional models of psychiatric
symptoms and the executive frontal factors.

Firstly, correlation analyses were performed to investigate relationships between the
measures and demographic variables and to determine whether covariates needed to be
used in the analysis. Neurocognitive performance on individual test items was then
compared between the groups to determine if the schizophrenia group was impaired relative
to controls. As the groups differed significantly on age and IQ comparative analyses were
also performed on a sub-group matched on these variables. This would determine if
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executive impairments remained in the clinical group relative to the controls, after
controlling for differences in age and IQ. A series of factor analyses were then performed
on the vast array of variables representative of executive functioning to extract several
constructs for both the control sample and schizophrenia sample. Differences between the
factor solutions for each group were examined and compared to that obtained by Levin et
al. (1996), inclusion of additional variables aided interpretation of the factor solution for the
schizophrenia group. Correlation analyses were then performed between the various factor
scores and schizophrenia symptoms as measured by the PANSS summary scores. Finally,
correlation analyses were performed between the various factor scores and the five factor
model of schizophrenia symptoms. The results will be presented and discussed in this
order.

9.2

Correlation Analysis

Correlation analysis was performed on the normal control data to examine relationships
between the cognitive test variables and demographic variables (age, education level, FSIQ,
cerebral insult history and drug and alcohol history). The schizophrenia group differed
significantly from controls on each of these demographic measures. In order to determine
whether differences in neuropsychological performance were due to the neurocognitive
sequelae of schizophrenia itself, and not due to differences in age, education, IQ or cerebral
insult, these demographic variables would need to be included as covariates in analysis if
they correlated significantly with the neuropsychological measures. Correlations were not
conducted on data from the schizophrenia group because the disease process itself may be a
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confounding factor which may alter the relationship between neurocognitive test results and
the demographic data.

Pearsons product-moment correlations were calculated to investigate the relationship
between demographic variables and cognitive measures where both variables were
normally distributed. In fact, the demographic variables IQ, was the only one to be
normally distributed. Where one or both of the variables violated normality nonparametric
statistics (Spearman’s rho) were calculated. Significance was determined at p<0.05.

9.2.1

Ruff Figurai Fluency Test (RFFT)

Of the Ruff Figurai Fluency Test the only normally distributed variable was the number of
designs. Therefore Pearson product moment correlation was calculated between this
variable and IQ. This is shown in Table 12. The remaining demographic information—
age, education, drug and alcohol history and neurological history, and all other RFFT
variables—RFFT rotations and repetitions, were not normally distributed. Therefore,
nonparametric statistics (Spearman’s rho) were calculated, as seen in Table 13. Significant
correlations are italicized.

Table 12 Pearson Product Moment between RFFT No. of
Designs and IQ
Dependent Variable
IQ
N = 60
RFFT No
•
Pearson r
•
Significance

.203
.119
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Table 13 Spearmans rho Correlation for RFFT and demographic variables
Dependent Variable
Age
Education
D rug &
Neurological
IQ
RFFT
N = 60
Rotations
•
Spearman rho
•
Significance
Repetitions
•
Spearman rho
•
Significance
RFFT No
•
Spearman rho
•
Significance

Alcohol History

History

.089
.499

-.092
.483

.035
.788

.033
.801

-.277
.081

.120
.362

-.290
.024

.016
.906

.102
.438

-.323
.012

.045
.734

-.256
.048

.121
.355

.228
.080

-

Table 13 shows that significant correlations were found between the RFFT repetitions score
and education (rs = -.290, p = .024) and IQ (rs= -.323, p = .012). These results suggest that
those with lower levels of education and IQ repeated designs more often. However, RFFT
number of designs also correlated negatively with education (rs= -.256, p = .048). This
suggests that those with lower levels of education also created more designs. Taken
together these results imply that those with lower levels of education could not fulfill the
two key task requirements—high productivity without repetitions. Hence, it seems that
those with lower levels of education worked rapidly to produce many designs, but these
included numerous repetitions.

"

Better performance on the RFFT has been reported as being correlated with higher levels of
education. Specifically, college graduates (13 or more years of education) typically exhibit
superior performance than high school educated individuals (12 or less years of education)
(Ruff et al., 1987). Lezak (1995) confirms that age and education affect productivity.

Since the RFFT indices that correlated with education and IQ were not normally
distributed, nonparametric tests of group differences would need to be utilised. Therefore,
education and IQ can not be used as covariates.
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However, the mean difference between the schizophrenia and control groups on years of
education was only two years. Further, not all RFFT variables correlated with the
demographic variables. It is unlikely therefore that the results will be impacted in any
consistent way.

9.2.2

California Verbal Learning Test (CVLT)

Three CVLT variables—short delay free recall; short delay cued recall and long delay free
recall—were normally distributed. Thus, Pearson Product Moment Correlations were
calculated as shown in Table 14. The remaining variables were not normally distributed,
accordingly Spearman correlations were calculated and are shown in Table 15. Significant
relationships are italicized.

Table 14 Pearson Product Moment Correlation for normally
________ distributed dependent variables from CVLT and IQ
Dependent Variable
IQ
CVLT
N = 60
Short Delay Free Recall
•
Pearson r
•
Significance
Short Delay Cued Recall
•
Pearson r
•
Significance
Long Delay Free Recall
•
Pearson r
•
Significance

.172
.188
.141
.281
.198
.129

Table 14 shows that there were no significant correlations between the normally distributed
CVLT indices and IQ. Three significant relationships were found between the variables not
normally distributed, as can be seen in Table 15. False positives on recognition correlated
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with age (rs= .370, p = .004). Hence, older subjects falsely identified more words on
recognition and younger subjects made fewer incorrect identifications. Age has been
associated with a decrease in performance on the CVLT, particularly for individuals above
the age of 65. However, all of the subjects in this study were below this age (Range 11-53).
No association between the number of false positives on the recognition subtest and
increasing age have previously been reported in normative samples (Lezak, 1995). Hence,
it is unlikely that this will impact on the results in a major way.
Table 15 Spearmans rho Correlation for not normally distributed dependent variables
from CVLT and demographic variables
Dependent Variable
CVLT
N = 58
Total learning over trails
•
Spearman rho
•
Significance
List B
•
Spearman rho
•
Significance
Long delay cued recall
•
Spearman rho
•
Significance
Recognition score
•
Spearman rho
•
Significance
False positives on recog.
•
Spearman rho
•
Significance
Total perseveration score
•
Spearman rho
•
Significance
Total intrusion score
•
Spearman rho
•
Significance
Total cluster score
•
Spearman rho
•
Significance
Short Delay Free Recall
•
Spearman rho
•
Significance
Short Delay Cued Recall
•
Spearman rho
•
Significance
Long Delay Free Recall
•
Spearman rho
•
Significance

Age

Education

Drug &
Alcohol History

-.121
.367

.037
.782

-.091
.498

-.078
.560

.079
.557

-.013
.925

-.124
.352

.038
.778

.191
.151

.242
.067

-.177
.185

.048
.723

-.047
.727

.152
.255

.224
.091

.005
.968

-.134
.314

-.046
.733

.151
.257

.131
.328

.370
.004

-.106
.429

.041
.757

.087
.518

-.002
.989

.114
.396

-.299
.023

-.026
.848

-.071
.598

-.246
.062

.065
.682

-.219
.098

-.019
.888

.025
.851

-.069
.065

-.045
.736

.280
.033

-.137
.304

-.007
.960

.200
.133

-.243
.062

.014
.915

-.109
.408

.102
.438

-.239
.066

.070
.593

-.089
.499

.183
.161

-.140
.287

.075
.568

-.053
.686

.088
.501
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Neurological
History

IQ

Total perseveration score correlated with education (rs= -.299, p = .023). That is, subjects
with lower education levels made more perseverative errors, (i.e. repeated words more
often during recall). The total cluster score also correlated with education (rs = .280, p =
.033). This suggests that those with higher levels of education facilitated recall by
organizing words into semantic categories. Education has been reported as correlating with
CVLT performance, however, the relationship is not as large as that for age (Lezak, 1995).
Moreover, the manual does not provide norms for education levels; only age (Delis et al.,
1987). Therefore, along with the relatively small difference in years of education between
groups, it seems improbable that these correlations will have a deleterious effect on the
results.

9.2.3

Go No-Go Task

Mean reaction time was the only variable to be normally distributed; Pearson correlations
were computed and can be seen below in Table 16. There were no significant correlations
between this Go No-Go variable and IQ. The other variables were not normally distributed.
Consequently, Spearman correlations were calculated and results are shown in Table 17.

Table 16 Pearson Correlation between normally
________ distributed Go No-Go variable and IQ
Dependent Variable
Go No-Go
N = 53
Mean Reaction Time
•
Pearson r
______•
Significance

IQ

.006
-867
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Table 17 Spearmans rho Correlation between Go No-Go and demographic variables
Dependent Variable
Go No-Go
N = 53
Go percentage correct
•
Spearman rho
•
Significance
Go number missed
•
Spearman rho
•
Significance
No-Go number correct
•
Spearman rho
•
Significance
No-Go percentage false alarms
•
Spearman rho
•
Significance
Mean Reaction Time
•
Spearman rho
•
Significance

Age

Education

D rug &
Alcohol History

Neurological
History

IQ

-.118
.399

.011
.936

-.110
.431

-.350
.010

.002
.987

-.303
.0 2 7

-.037
.790

.144
.302

-.052
.710

-.055
.695

.374
.006

.039
.779

.207
.136

.262
.058

.152
.227

-.397
.003

-.068
.630

-.172
.218

-.020
.888

-.042
.767

.398
.003

.187
.181

.181
.194

.087
.535

Table 17 shows that age correlated negatively with two Go No-Go variables—the number
of stimuli missed on the Go No-Go task (rs = -.303, p = .027) and the percentage of false
alarms (rs = -.397, p = .003). Together these results suggest that younger subjects missed
more stimuli which required a response as well as falsely identifying stimuli which should
have been ignored.

Age also correlated with mean reaction time (rs = .398, p = .003) and the number of correct
hits (rs = .374, p = .006). Hence, older subjects exhibited faster reaction times and made
more correct hits.

Taken together these results suggest that generally, the older subjects performed better in
terms of reaction times and accuracy than the younger subjects. As the normal control
group was made up of predominately younger participants, these relationships would not
underlie poorer neurocognitive performance by the schizophrenia sample.
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Since most of the Go No-Go variables were not normally distributed, covariates could not
be used in any case.

Neurological history correlated significantly with the number correct on the Go component
of the task (rs = -.350, p = .010). As can be seen, this was a negative relationship,
suggesting that those with a positive neurological history were less able to respond to
stimuli requiring a response. As there was no difference between the normal control group
and those with schizophrenia in terms of neurological history, it is improbable that this
would affect the results of the neurocognitive comparisons between the groups.

9.2.4

Trail Making Test

Both Trails A and B were normally distributed, hence Pearson correlations were computed
between these and IQ and are shown in Table 18, below. There were no significant
relationships between the Trails A and B and IQ. All other demographic variables violated
the assumption of normality, therefore, Spearman correlations were computed.

Table 18 Pearson Correlation between Trail Making
Test and IQ
Dependent Variable
IQ
T rail M aking Test
N = 58
Trails A
•
Pearson r
•
Significance
Trails B
•
Pearson r
•
Significance

-.074
.580
-.204
.124
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Table 19 Spearmans rho Correlation between Trail Making Test and demographic
variables
Dependent Variable
T rail M aking Test
N = 60
Trails A
•
Spearman rho
•
Significance
Trails B
•
Spearman rho
•
Significance

Age

Education

D rug &
Alcohol History

Neurological
History

.037
.784

.290
.0 2 7

-.042
.755

.118
.379

-.035
.792

.214
.107

-.219
.032

-.282
.032

Analysis revealed three significant correlations, which can be seen in Table 19. Trails A
correlated with education (rs= .290, p = .027). Thus, subjects with more education
completed Trails A slower than those with less education. Education has been reported to
have an effect on performance during the TMT (Lezak, 1995), such that those with higher
levels of education perform at superior levels to those will fewer years of education. Thus,
the relationship found in this data contradicted what was expected and further, as there was
only a mean difference of two years between the groups, it is doubtful that it will have any
major impact on group comparisons.

Significant relationships were found between Trails B and drug and alcohol history (rs = .219, p = .032) and neurological history (rs= -.282, p = .032). These results suggest that
subjects with a cerebral insult history or a drug and alcohol history performed poorly on
Trails B.

The Trail Making Test is extremely vulnerable to the influence of brain damage (Lezak,
1995). While both data for Trails A and B was normally distributed in the control sample,
it was not in the schizophrenic sample. This prevented the potential confounds
(neurological history and drug, education and alcohol history) from being used as
covariates. However, as there was no difference between the groups on neurological
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history and minimal difference on education these results are unlikely to have a deleterious
effect on group comparisons. Moreover, in this study a positive history of drug and alcohol
use did not equate to a drug and alcohol problem—it merely indicated use and the controls
underestimated their use of alcohol and other drugs as discussed previously. Therefore, it is
dubious that this will have a major impact on group comparisons.

9.2.5

Stroop Color and Word Test

Of the Stoop Color and Word Test indices, the Color score and the Interference score were
normally distributed. Table 20 shows the Pearson correlation results; no significant
relationships were found between Stroop Color and Stroop Interference and IQ. The
remaining variables were not normally distributed; Spearman correlations were calculated
and these are shown in Table 21.

Table 20 Pearson Correlation between Stroop Color
________ Word Test Indices and IQ
Dependent Variable
IQ
Stroop
N = 60
Color
•
Pearson r
•
Significance
Interference
•
Pearson r
•
Significance

.025
.847
-.033
.807

As can be seen in Table 21, IQ correlated with the Color-Word subtest score (rs = .334, p =
.011). Hence, this result suggests that subjects with lower IQ scores scored poorly on the
Color-Word subtest. While age effects on the Stroop have been reported, IQ has not

108

(Golden, 1978; Lezak, 1995). The non-normal distribution of the Color-Word scores
precludes the use of IQ as a covariate.

Table 21 Spearmans rho Correlation Stroop between Stroop Color Word Test indices
and demographic variables
Dependent Variable
Age
Education
D rug &
Neurological
IQ
Stroop
N = 60
Word
•
•
Color
•
•

Alcohol History

History

Spearman rho
Significance

.148
.258

-.238
.067

.130
.321

.186
.154

Spearman rho
Significance

.105
.427

-.173
.187

.071
.591

.297

Color/Word
•
Spearman rho
•
Significance
Interference
•
Spearman rho
•
Significance

.089
.512

-.073
.589

.045
.737

.106
.431

.011
.936

.041
.763

-.053
.698

-.048
.726

.159
.225

.021
.334
.011

A further significant relationship was found between the Color subtest and neurological
history (rs = .297, p = .021)—thus, individuals with a history of head injury tended to also
perform poorly on the Color component of the test. While the Stroop is sensitive to head
injury, there was no difference between the groups on this variable. Thus this result is not
likely to have any impact on group comparisons.

9.2.6

Controlled Oral Word Association Test (COWAT)

The COWAT scores were normally distributed; Pearson Product Moment Correlations
were calculated and are shown in Table 22. Spearman correlations are shown in Table 23.
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Table 22 Pearson Correlation COWAT
Dependent Variable
COW AT
N = 59
•
Pearson r
•
Significance

IQ

.304
.019

Table 23 Spearmans rho Correlation COWAT
Dependent V ariable
COW AT
N = 59
•
Spearman
rho
•
Significance

Age

Education

.202
.125

-.162
.220

Drug &
Alcohol History
.154
.244

Neurological
History
.241
.066

A significant relationship between COWAT and IQ (rs = .304, p = .019) can be seen in
Table 22, suggesting that individuals with higher intelligence scored better on this test
(generated more words) than those with lower IQ scores. While Lezak (1995) argues that
premorbid ability levels need to be taken into account in interpreting COWAT test results,
intelligence is not reported as affecting performance, unlike age and education. Thus, this
correlation is unlikely to impact in any major way on neurocognitive comparisons between
the groups.

COWAT did not correlate with any of the other demographic variables.

9.2.7

Tower of London (TOL)

Four of the latency measures from the TOL variables were normally distributed—average
pick-up time, for Levels 3, 4 and 5 and the average pick-up time over the entire test.
Pearson Correlations were calculated for these variables and are shown in Table 24. This
table indicates that IQ did not correlate with any of the normally distributed TOL indices.
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Spearman correlations were calculated for the non-normally distributed variables, as shown
in Table 25.

Table 24 Pearson Correlation between
________ TOL indices and IQ
TOL Dependent Variable
N = 60
Level 3
Average pick-up time
•
Pearson r
•
Significance
Level 4
Average pick-up time
•
Pearson r
•
Significance
Level 5
Average pick-up time
•
Pearson r
•
Significance
Average total pick-up time
•
Pearson r
•
Significance

IQ

.172
.188

.082
.535

.126
.338
.059
.655

As can be seen in Table 25, the total average pick-up time on Level 4 correlated with age
(rs = .292, p = 024). Thus, younger subjects took less time to pick-up beads. Yet this
relationship occurred only on Level 4. It seems doubtful, therefore, that this will have a
deleterious effect on the results overall, especially as age has not been reported to be related
to performance on this test (Lezak, 1995) and older and younger subjects have been found
to make an equivalent number of moves to solve the trials/task (Gilhooly, Phillips, Wynn,
Logie, & Della Sala, 1999).

There was a significant relationship between the number of problems solved within
minimum moves on Level 5 and drug and alcohol history (rs = -.265, p = .041). This
negative relationship suggests that subjects who have used drugs or alcohol were less able
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to solve problems within the minimum number of moves, albeit only on Level 5. As this
occurred on only this level the results are not likely to be impacted in any major way.

Table 25 Spearmans rho Correlation between TOL indices and demographic variables
Dependent Variable

Age

Education

Drug &
Alcohol History

Neurological
History

-.221
.089

-.028
.832

-.072
.583

-.032
.810

.085
.517

.098
.456

-.062
.637

.033
.802

.012
.925

.104
.427

-.234
.072

.012
.926

-.131
.318

-.146
.266

-.013
.922

.292
•024

-.028
.830

.086
.513

.095
.469

.003
.984

-.212
103

-.128
.332

-.265
.041

-.083
529

-.174
.183

.201
123

-.018
.891

.051
.700

.132
.313

-.011
.936

.227
089

-.030
.823

.224
.091

-.004
.973

.063
.637

.213
-105

-.017
.897

.009
.946

.066
.620

.044
.742

.249
-055

-.020
.877

-.060
.651

.106
.422

•288
•026

-.062
.636

.064
.627

.102
.436

.205
H7

-.027
.839

-.024
.854

.153
.243

213
-105

-.017
.897

.009
.946

.066
.620

TOL

IQ

N = 60

Level 3
Problems solved within minimum moves
•
Spearman rho
•
Significance
Average total time
•
Spearman rho
•
Significance

Level 4
Problems solved within minimum moves
•
Spearman rho
•
Significance
Average total time
•
Spearman rho
•
Significance

Level 5
Problems solved within minimum moves
•
Spearman rho
•
Significance
Average total time
•
Spearman rho
•
Significance
Summary scores
N = 58
Percentage of problems solved within
minimum moves over 3 levels
•
Spearman rho
•
Significance
N = 59
Total average pick-up time over 3 levels
•
Spearman rho
•
Significance

Level 3
Average pick-up time
•
Spearman rho
•
Significance

Level 4
Average pick-up time
•
Spearman rho
•
Significance

Level 5
Average pick-up time
•
Spearman rho
•
Significance
Average total pick-up time
•
Spearman rho
•
Significance___________________
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9.2.8

Wisconsin Card Sorting Test (WCST)

Only one of the WCST variables was normally distributed—average time taken to complete
a category. Table 26 below shows the Pearson Product Moment correlation for this
variable and as can be seen, IQ did not correlate with this WCST measure. Spearman
correlations were calculated for the variables which were not normally distributed. These
are displayed in Table 27.
Table 26 Pearson Correlation between WCST indices and IQ
Dependent Variable
TOL
N = 60
Criterion average cognitive latency
•
Pearson r
•
Significant

IQ

-.167
.203

As can be seen in Table 27, IQ correlated with three of the non-normally distributed WCST
variables—the number of categories completed (rs = .363, p = .004), the average amount of
time taken on perseverative errors (rs = .354, p = .005) and the average amount of time
taken on errors (rs = .363, p = .004). Taken together, this result suggests that while subjects
with higher IQ scores completed more categories, they also took a longer amount of time
when they made mistakes. As this correlation only occurred on three of the WCST
variables it seems unlikely that the overall results will be affected in a major way.

The average amount of time taken on non-perseverative errors correlated with age (rs =
.256, p = .049). Age has been reported as having an effect on WCST performance,
however, it is small—only having an impact generally on individuals aged 70 and above
(Heaton et al., 1993; Lezak, 1995). As none of the subjects were aged over 70 and this
correlation only occurred on this WCST variable it is doubtful that the comparisons
between the groups will be confounded by this correlation.
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Table 27 Spearmans rho Correlation between WCST indices and demographic variables
Dependent Variable
TOL
N = 60
No. cards correct
•
Spearman rho
•
Significance
No. perseverati ve responses
•
Spearman rho
•
Significance
No. non perseverative responses
•
Spearman rho
•
Significance
Total errors
•
Spearman rho
•
Significance
No. categories
•
Spearman rho
•
Significance
Cards correct, av. cog lat.
•
Spearman rho
•
Significance
Perseverative average cog. lat.
•
Spearman rho
•
Significance
Non-perserverative errors av. cog. lat.
•
Spearman rho
•
Significance
Errors av. cognitive latency
•
Spearman rho
•
Significance
Av. cognitive latency
•
Spearman rho
•
Significance
Percent conceptual score
•
Spearman rho
•
Significance
Criterion average cognitive latency
•
Spearman rho
•
Significant

9.2.9

Age

Education

D rug &
Alcohol
History

Neurological
History

IQ

.008
.953

.064
.629

-.287
.026

-.170
.194

-.170
.195

.058
.676

-.124
.369

-.183
.182

-.048
.725

-.157
.252

.078
.554

-.025
.848

-.159
.224

.018
.894

-.147
.261

.088
.503

-.057
.665

-.192
.141

-.086
.514

-.217
.096

-.082
.535

.064
.627

.114
.387

.074
.574

.363
.004

.211
.105

.161
.220

-.073
.580

.172
.190

.038
.773

.222
.089

-.006
.963

-.135
.305

.181
.166

.354
.005

.256
.049

.151
.250

-.029
.828

.100
.446

.159
.225

.206
.114

.135
.305

-.068
.603

.094
.474

.285
.0 2 7

.252
.052

.148
.260

-.042
.750

.141
.284

.000
.998

-.045
.747

.120
.384

.123
.371

.057
.679

-.004
.975

.252
• .052

.148
.260

-.042
.750

.141
.284

Summary of Results from Correlation Analysis

While there were a number of correlations between demographic variables and
neurocognitive indices, it is unlikely that the results will be confounded by these
relationships. Specifically, given the number of variables being examined, the correlations
only occurred on a small number of variables and there were no consistent relationships.
For example, of all the measures produced by the California Verbal Learning Test only
three relationships were found. Further, these relationships occurred with different
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demographic variables. Given the small sample size and the fact that the literature does not
support many of the observed relationships, the correlations may be unstable and not
robust. Moreover, while relationships were found with education and neurological history,
there was only an average of two years difference in education levels between the groups
and there was no difference on neurological history.

The correlations between age and The Ruff Figural Fluency variables were interesting in
that they were contrary to expectations. That is, reaction times typically slow as a function
of age. However, in this study younger subjects exhibited slower, less accurate
performances. As the control group was statistically younger than the sample with
schizophrenia, the group comparisons and factor analysis are not likely to be confounded
by these particular correlations. Furthermore, the results from the cumulative literature
suggest that neurocognitive impairments associated with schizophrenia are robust and of a
larger degree than any impairments that might be associated with demographic factors such
as age or education.

While drug and alcohol use did not correlate with many of the test variables in the control
group it is important to recall that the level of use was probably underestimated in that
group. It may have been important to elicit more detailed information regarding substance
use, particularly in the group with schizophrenia given the literature which reports high
levels of comorbidity (Fowler, Carr, Carter, & Lewin, 1998; Jablensky et al., 2000).
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9.3

Group Comparisons of Executive Functioning

In order to determine if the two groups differed from each other on the executive
functioning indices, t-tests and Wilcoxon Rank Sum tests were performed, depending on
whether the data were normally distributed or not. Further, if a relationship existed
between any of the normally distributed executive functioning indices and demographic
variables, univariate analysis of variance was performed with the appropriate demographic
variable as a covariate. These analyses were also performed on a sub-group matched on
age and IQ. The schizophrenia groups’ performance was statistically poorer than the
normal controls on the vast majority of measures of executive functioning.

9.3.1

Ruff Figural Fluency Test (RFFT)

Of the RFFT indices one was normally distributed (number of designs) in both the control
and schizophrenia sample. Table 28 shows the results from this parametric analysis.
Correlational analysis revealed that there were no significant relationships between this
variable and demographic variables. Hence, covariates were not included in parametric
analysis. Table 29 shows the nonparametric analyses for the remaining measures from this
test.

The schizophrenia (SZ) group produced significantly fewer scoreable designs on Ruff (t = 7.55, df = 104.24, p = .000) and repeated more designs than the NC group (z = -3.242, p =
.001). As can be seen in Figure 3 the performance of 70 percent of the SZ group fell one or
more standard deviations below mean control performance on number of designs produced
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and 36 percent of the SZ group were one or more standard deviations above normal control
(NC) group performance on the number of repeated designs. Interestingly, the NC group
rotated more designs than the SZ group. However, this difference was not statistically
significant (z = .898, p = .369). In essence the SZ group produced fewer unique designs
and repeated them more often than the NC group, but the number of rotated designs was
similar between the groups.

Table 28 Results from the Ruff Figural Fluency Test measures, for the schizophrenia (SZ)
and control (NC) samples, reported means and standard deviations, with statistical
________ comparison outcomes._____________________________________
Variable
R uff
Mean
No. o f Designs__________ 40.33

SZ

NC

SD
20.73

Mean

SD

69.50

19.71

-

t

df

p

1 .5 5

104,24

.000

Table 29 Results from the Ruff Figural Fluency Task measures for the schizophrenia (SZ)
and control (NC) samples, reported as medians and ranges, with statistical
________ comparison outcomes.___________________________________
Variable
R uff

Rotations
Repetitions

Range

SZ
4
9

NC

Median

Median
0-23
0-91

5
3

Range
0-38
0-37

Wilcoxon
W
2603
2615

z

P

-.90
-3.24

.369
.001

Figure 3 Ruff Figural Fluency - Percent of Schizophrenic Group falling 1 to 2 Standard
Deviations below Mean Control Group Performance

9.3.1.1

RFFT Sub-groups matched on age and IQ

In the sub-groups matched on age and IQ the pattern of results for the RFFT was replicated.
That is, the SZ sub-group produced significantly fewer scoreable designs on (t = -4.761, df
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= 72, p = .000) and repeated more designs than the NC sub-group (z = -3.121, p = .002).
The number of rotated designs was again similar between the matched sub-groups (z = .724, p = .469).

9.3.2

California Verbal Learning Test (CVLT)

Of the CVLT indices only two were normally distributed (short delay free recall and short
delay cued recall) in both the control and schizophrenic sample. Table 30 shows the results
from this parametric analysis. The correlation analysis revealed that there were no
significant relationships between the two normally distributed CVLT measures and
demographic variables. Hence, covariates were not included in parametric analysis. Table
31 shows the medians, ranges and nonparametric analyses for the remaining measures from
this test
Table 30 Results from the California Verbal Learning Test measures, for the schizophrenia (SZ)
and control (NC) samples, reported as means and standard deviations, with statistical
comparison outcomes.
Short Delay Free Recall
Short Delay Cued Recall

NC

SZ

V ariable
Mean
5.7
6.36

SD
2.9
3.25

SD
2.86
2.73

Mean
10.82
11.58

t

df

P

-9.28
-9.16

108
108

.000
.000

Table 31 Results from the California Verbal Learning Test measures, for the schizophrenia
(SZ) and control (NC) samples, reported as medians and ranges, with statistical
comparison outcomes.
V ariable
Total learning over trials
List B
Long Delay Free Recall
Long Delay Cued Recall
Recognition Score
False Positives on
Recognition
Discriminability Score
Total cluster score
Total Perseveration Score
Total Intrusion Score

SZ
M edian Range
8-57
30.62
0-6
4
0-13
5
0-13
6
3-16
13
0-13
2.5
81.82
6
2
4.5

50-98
0-30
0-15
0-20

z

NC
Median Range
31-70
54
3-10
6
5-16
11
5-16
11
10-16
15
0-14
1

Wilcoxon
1473.5
1790.5
1569
1534.5
1948
2533

-7.82
-5.98
-7.26
-7.096
-4.63
-4.18

.000
.000
.000
.000
.000
.000

50-100
6-67
0-15
0-17

1828.5
1451.5
2296.5
3085

-5.30
-7.20
-1.87
-1.16

.000
.000
.062
.248

95
24.5
3
2
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w

P

On all measures of learning the SZ group’s performance was poorer than the NC.
Specifically, the SZ group’s performance over five trials on the CVLT was significantly
poorer than the NC (z = -7.817, p = .000). Figure 4 shows the percent of the SZ whose
performance fell one or more standard deviations below NC performance for all the CVLT
indices. As can be seen, the performance of 63% of the clinical group fell one or more
standard deviations below the NC group on learning over trials. On List B the SZ score
was inferior to the NC (z = -5.979, p = .000) with 53% of the group falling one or more
standard deviations below NC group performance on this index. Their ability to retain and
freely recall verbal information was poorer than the NC over both short (t = -9.28, df = 108,
p = .000) and long (z = -7.263, p = .000) time delays. On cued recall trials there was a
significant difference between the groups over both short (t = -9.16, df = 108, p = .000) and
long time (z = -7.096, p = .000) delays. The SZ group’s poorer performance relative to the
NC group under both cued and free recall conditions suggests that, as a group, their
impaired performance may have been due to difficulties with encoding the stimuli. The
data indicate that the SZ group was significantly less able to utilize learning strategies.
That is, their ability to re-organise the word list according to categorical groups to facilitate
learning was poorer than the NCs as indicated by the total cluster score (z = -7.203, p =
.000). Figure 4 indicates that the performance of 75% of the SZ group was one or more
standard deviations below that of the NC group on this measure. Despite this, no
statistically significant difference between the groups was exhibited on recall errors as
measured by the total number of perseverations, or words repeated during recall (z = 1.866, p = .062) and the total number of intrusions (i.e. words ‘recalled’ which not on the
target list) (z = -1.156, p = .248).
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The schizophrenia group’s ability to correctly identify, or recognize words, as belonging to
the target CVLT list was significantly inferior as measured by the recognition score (z = 5.296, p = .000) and they also made significantly more errors during recognition, as
indicated by false positives (z = -4.181, p = .000). The discriminability score highlights the
SZ group’s poor ability to differentiate between target and distractor items (z = -4.629, p =
.000) compared to the controls.

Figure 4 California Verbal Learning Test - Percent of Schizophrenic Group falling 1 or more
Standard Deviations below Mean Control Group Performance

9.3.2.1 CVLT Sub-groups matched on age and IQ
The pattern of results observed on the neurocognitive comparisons on the CVLT indices
was replicated in the sub-groups matched on age and IQ. Recall in the SZ sub-group was
significantly worse than the NC sub-group over short delays in both free (t = -6.189, d f=
71, p = .000) and cued recall conditions (t = -6.622, df = 71, p = .000). Over long time
delays the SZ sub-group’s recall was poorer in free (z = -5.644, p = .000), and cued recall

120

conditions (z = -5.434, p = .000). Learning over five trials (z = -5.963, p = .000) and
learning of List B (z = -4.238, p = .000) was significantly poorer in the SZ sub-group.
Their ability to correctly identify words belonging to the target CVLT list was significantly
inferior (z = -3.441, p = .001) and they made more errors during the recognition task (z = 2.892, p = .004) which resulted in a significantly poorer ability to discriminate (z = -3.312,
p = .001). The SZ sub-group was significantly less able to utilize learning strategies than
the NC sub-group (z = -5.737, p = .000). The sub-groups exhibited similar recall errors as
measured by the total number of perseverations (z = -2.316, p = .021) and the total number
of intrusions (z = -.194, p = .846).

9.3.3

Go No-Go Task

The Go No-Go variables were not normally distributed. Therefore, the nonparametric
Wilcoxon Rank Sum test was used to compare groups. Table 32 shows the medians and
ranges for each of the measures from the schizophrenia and control samples. As apparent
from Table 32, the performance of the schizophrenia sample was poorer than that of the
controls on all Go No-Go test variables. Statistical analysis confirmed the significantly
poorer performance by the schizophrenia sample.

Table 32 Results from the Go No-Go Task measures for the schizophrenic (SZ) and control
________ (NC) samples, reported as medians and ranges, with statistical comparison outcomes.
Variable
Go No. Correct
Go No. Missed
No-Go No.
Correct
No-Go % False
Alarms
Mean Reaction
Time

SZ
Median
256
22.5
93.50

Range
2-290
0-275
8-121

Median
277
2
112.5

NC
Range
173-290
0-11
61-122

Wilcoxon
W
1456.0
1713.5
1488.5

z

P

-5.08
-5.97
-4.75

.000
.000
.000

21.82

1.65-73.55

4.96

0-28.93

1787.5

-4.82

.000

.58

..409-1.012

.50

.406-648

2012

-4.24

.000
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The number of correct “hits” on the Go No-Go task was significantly less in the SZ group
(z = -4.75, p = .000). As can be seen in Figure 5, the performance of 51% of the SZ group
fell one or more standard deviations below that of the NC group on this measure.
Concomitantly, the number of stimuli which required a response, but were missed by the
SZ group was statistically higher (z = -5.97 p = .000) with 84% falling one or more
standard deviations below NC group performance. On stimuli which required no response
the SZ group failed to inhibit significantly fewer responses (z = -4.82, p = .000) and
analogously, their percentage of false alarms was significantly higher (z = -4.82, p = .000).
The SZ group’s mean reaction time to respond to Go stimuli was significantly longer (z = 4.239, p = .000).

Figure 5 Go No-Go - Percent of Schizophrenic Group falling 1 or more Standard Deviations
below Mean Control Group Performance
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In summary, the SZ sample and the sub-sample missed stimuli which required a response
and responded when no action was required. Moreover, reaction times were slow within
the SZ sample. This pattern of results suggests that the SZ performance can be
characterized by a disinhibited and impulsive response style.

9.3.3.1 Go No-Go Sub-groups matched on age and IQ
The performance of the SZ sub-group was again poorer than the NC sub-group on all Go
No-Go indices. The number of correct hits was fewer (z = -3.979, p = .000) and the
number of stimuli that required a response but were missed was higher (z = -4.683, p =
.000) in the SZ sub-group. Performance was also poorer on stimuli which did not require a
response (z = -4.015, p = .000). That is, the SZ sub-group failed to inhibit responses and
this was evident on their percentage of false alarms (z = -4.103, p = .000). Overall mean
reaction times were significantly longer in the SZ sub-group (z = -3.109, p = .002).

9.3.4

The Trail Making Test (TMT)

The TMT variables were not normally distributed. Therefore, the nonparametric Wilcoxon
Rank Sum test was used to compare groups. Table 33 shows the medians and ranges for
each of the measures from the schizophrenia and control samples. As apparent from the
Table, the performance of the schizophrenia sample was poorer than that of the controls on
all TMT variables. Statistical analysis confirmed this. Figure 6 indicates the percent of the
SZ group whose performance fell one or more standard deviations below mean control
group performance.
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The time taken by the SZ group to complete both Trails A (z = -6.309, p - .000) and B (z =
-7.564, p = .000) was significantly longer with the performance of 73% and 82%
respectively of the SZ group falling one or more standard deviations below mean NC group
performance. This suggests that the visual scanning and attention skills were impaired in
the schizophrenia sample, relative to controls. Moreover, when the mental flexibility
component was added (i.e. Trails B) performance deteriorated significantly, compared to
controls. The SZ group took almost twice as long as the NC group to complete Trails B.

Table 33 Results from the Trail Making Test measures, for the schizophrenia (SZ) and
control (NC) samples, reported as medians and ranges, with statistical comparison
outcomes.
Variable

SZ

Median
Trails A
39.5
Trails B
97.5
All times in seconds.

Trails A

Range
232-201
40-301

NC
Median Range
26
14-50
51
23-102

Trails B

Wilcoxon
W
2165
1969.5

z

P

-6.4
-7.62

.000
.000

■ 2 standard deviations
□ 1 standard deviation

Figure 6 Trail Making Test - Percent of Schizophrenia Group falling 1 or more Standard
Deviations below Mean Control Group Performance

9.3.4.1 TMT Sub-groups matched on age and IQ
The time taken to complete Trails A (z = -4.736, p = .000) and Trails B (z = -5.961, p =
.000) was significantly longer in the SZ sub-group than the NC sub-group.
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9.3.5

The Stroop Color and Word Test (Stroop)

Two Stroop indices were normally distributed (Color and Interference) in both the control
and schizophrenia sample. Correlation analysis revealed a significant relationship between
Color and neurological history. Therefore, this was included as a covariate in the
parametric analysis. Table 34 shows means, standard deviations and the results from this
parametric analysis. Table 35 presents results for the parametric analysis of the
Interference index. Stroop Word and Color/Word were not normally distributed.
Therefore, nonparametric Wilcoxon Rank Sum test was used to compare groups on these
indices and Table 36 shows medians and ranges for these measures. As apparent from the
Tables, the performance of the schizophrenia sample was poorer than that of the controls on
all Stroop indices. Statistical analysis confirmed significantly poorer performance by SZ
group on every measure from this test. Figure 7 presents the percentage of the SZ whose
performance fell one or more standard deviations below the mean performance of the
control group.

The SZ sample completed significantly fewer items on Word (z = -4.99, p = .000) and on
the Color/Word (z = -7.11, p = .000) condition. Figure 7 indicates that the performance of
63% of the group with schizophrenia fell one or more standard deviations below mean
control performance on Word and 78% on Color/Word.
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On the Color condition the SZ sample completed significantly fewer items (F = 56.39, df =
1, p = .000), and they were significantly more susceptible to interference (t = -4.41, df =
103, p = .000) than the NC group.
Table 34 Results from The Stroop Color and Word Test measures, for the schizophrenia
(SZ) and control (NC) samples, reported as means and standard deviations,
________ with statistical comparison outcomes.____________
Variable
Stroop

SZ

Color_______

NC

Mean
54.77

SD
14.01

Mean
72.00

F

SD
10.91

df

56.39

p

1

.000

Table 35 Results from The Stroop Color and Word Test measures, for the
schizophrenia (SZ) and control (NC) samples, reported as means and
________ standard deviations, with statistical comparison outcomes.
Variable
Stroop

SZ

NC

Mean
-2.22

Interference

SD
5.32

Mean
2.84

SD
6.42

t

df

p

-4.41

103

.000

Table 36 Results from The Stroop Color and Word Test, for the schizophrenia (SZ) and
control (NC) samples, reported as medians and ranges, with statistical comparison
outcomes.
Variable
Stroop
Word
Col or/Word

90
80
70
60
50
40
30
20

SZ

NC

Median Range
82
31-120
28
16-49

Median Range
103
74-138
44
26-72

Wilcoxon
W

z

P

1742
1396

-4.99
-7.17

.000
.000

—

■
39

37
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37
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■ 2 standard deviations
□ 1 standard deviation

Figure 7 Stroop Color and Word Test - Percent of Schizophrenia Group falling 1 or
more Standard Deviations below Mean Control Group Performance

Together these results suggest that cognitive flexibility within the schizophrenia sample and
sub-sample was deficient compared to controls and they were more prone to interference.
It is important to note that even with the addition of the covariate (i.e. neurological history)
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on the Color component of the test the performance of the SZ group was still significantly
poorer.

9.3.5.1 Stroop Sub-groups matched on age and IQ
The SZ sub-group’s performance was significantly poorer than that of the NC sub-group on
all Stroop indicies. They completed significantly fewer items on Word (z = -3.621, p =
.000) Color (t = -5.030, p = .000) and on the Color/Word condition (z = -5.303, p = .000).
They also remained significantly more susceptible to interference (t = -3.029, p = .003).

9.3.6

Controlled Oral Word Association Test (COWAT)

The data from COW AT were normally distributed in both the control and schizophrenia
sample. Correlation analysis revealed a significant relationship between this measure and
IQ. Therefore, IQ was included as a covariate in the parametric analysis. Table 37 displays
the mean and standard deviation on the COW AT for both groups. The table indicates that
the SZ sample produced fewer items and statistical analysis confirmed the significantly
worse performance on this test (F = 14.76, df = 1, p = .000). Figure 8 indicates the percent
of the SZ group whose performance fell one or more standard deviations below mean NC
group performance. As can be seen, the performance of 47% of the SZ group was below
mean NC group performance. Thus, verbal fluency, as measured by the ability to generate
words beginning with a particular letter of the alphabet, was impaired in the schizophrenia
sample, compared to controls.
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T able 37 R esults from The C ontrolled O ral W ord A ssociation Test for the

schizophrenic (SZ) and control (NC) samples, reported means and standard
________ deviations, with statistical comparison outcomes.
Variable
COW AT

SZ
Mean
27.25

NC
SD
10,59

Mean
39.20

Number of words produced

F
SD
11.07

14.76

df
1

p
.000

■ 2 standard deviations
□ 1 standard deviation

Figure 8 Controlled Oral Word Association Test - Percent of Schizophrenia Group
falling 1 or more Standard Deviations below Mean Control Group
Performance

9.3.6.1 COWAT Sub-groups matched on age and IQ
Verbal fluency was significantly inferior in the clinical sub-group compared to the NC sub
group with the SZ sub-group producing fewer items (t = -4.643, df = 69, p = .000) on the
COWAT.

9.3.7

T ow er o f L ondon (T O L )

The TOL variables were not normally distributed. Therefore, the nonparametric Wilcoxon
Rank Sum test was used to compare groups. Table 38 shows the medians and ranges for
each of the measures from the schizophrenia and control samples. As show in Table 38, the
performance of the schizophrenia sample was poorer than that of the controls across the
majority of the TOL test variables. Statistical analysis confirmed the significantly poorer
performance by schizophrenics.
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Overall, across all levels of the test, the number of problems solved within the optimum or
minimum number of moves was statistically different between the groups (z = -4.22 p =
.000). When broken down, this difference was exhibited on two of the three levels of the
test. Specifically, the SZ group solved fewer problems within minimum moves at level
three (z= -4.47, p = .000) and level four (z = -3.60, p = .000). Due to the vast number of
measures being compared, alpha was set at a more stringent p<0.005. Hence, there was not
a statistically significant difference on level five (z = -2.13, p = .033).

The SZ group made significantly more moves than the NC group on levels three (z = -2.91,
p = .004) and level four (z = -3.56, p = .000). Equally, the number of excess moves made
by the SZ group was statistically more on level three (z = -2.81, p = .005) and level four (z
= -4.88, p = .000). However, the groups did not differ statistically on level five on the
number of moves made (z = -1.09, p = .274) or excess moves (z = -1.119, p = .263).

Over the entire test, the total average time taken (in seconds) to pick up the beads (i.e. time
taken to make a move), which reflects planning time, was significantly different between
groups, with the SZ group exhibiting longer response latencies (z = -5.19, p = .000). This
difference was evident at all levels of Tower; (level three, z = -4.48, p = .000, level four, z
= -4.88, p = .000, level 5 z = -5.77, p = .000). The average total time taken by the SZ group
was significantly longer at each level, (level three, z = -6.05, p = .000, level four, z = -5.94,
p = .000, level five z = -6.02, p = .000). The average time taken to complete the trials at
each level was also significantly different (level three, z = -5.87, p = .000, level four, z =5.73, p = .000, level five, z = -5.97, p = .000).
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T able 38 R esults from the T ow er of London Test, m easures for the schizophrenia (SZ) and control
Variable

SZ
Median

NC
Range

Median

Wilcoxon
W

Range

Level 3
Moves Made
Excess Moves
Average Time to Pick-up
Average Total Time
Average Trial Time
Total Time

z

P

32
6
3.35
6.05
29.07
203.30

26-51
0-25
1.31-9.22
3.37-16.06
14.17-145.68
99.21-720.91

28
2
2.31
4.07
19.05
132.72

26-43
0-17
.914-4.6
1.78-9.68
8.71-47.03
60.99-278.66

2657
2673
2396
2410
2273
2091

-2.91
-2.81
-4.48
-4.87
-5.87
-6.05

.004
.005
.000
.000
.000
.000

29
3
3.56
6.17
27.26
190.84

26-46
0-20
1.80-10.13
3.16-16.20
12.18-92.33
85.27-64634

27

26-32
0-6
1.32-4.53
1.99-9.11
8.82-44.36
61.75-236.93

2646.5
2625
2336.5
2278.5
2279
2177

-3.56
-3.70
-4.88
-5.26
-5.73
-5.94

.000
.000
.000
.000
.000
.000

27

2.29
3.74
14.09
84.52

26-33
0-7
1.13-4.51
1.88-7.18
9.79-27.84
58.71-167.01

2907.5
2904
2203
2164
2172
2164

-1.09

3.61
6.29
29.27
151.60

20-44
0-18
1.49-12.75
2.41-18.15
4.37-84.07
68.24-504.43

-5.77
-6.03
-5.97
-6.03

.274
.263
.000
.000
.000
.000

5

0-7

6

3-7

1713.5

-4.47

.000

5

0-7

6

4-7

1852.5

-3.60

.000

6

0-7

6

4-7

2070.5

-2.13

.033

76.19

0-100

90.47

57.14-100

1739.5

-4.22

.000

3.3

1.64-10.52

2.42

1.12-4.33

2289

-5.19

.000

Level 4
Moves Made
Excess Moves
Average Time to Pick-up
Average Total Time
Average Trial Time
Total Time

1
2.42
3.95
15.66
108.31

Level 5
Moves Made
Excess Moves
Average Time to Pick-up
Average Total Time
Average Trial Time
Total Time

1

27

1

-1.12

Aggregate M easures
Average no. problems
solved within minimum
moves at Level 3
Average no. problems
solved within minimum
moves at Level 4
Average no. problems
solved within minimum
moves at Level 5
Average no. problems
solved within minimum
moves over entire test
Total Average Pickup Time
over test

&
$■
&

&
&
#

^
Level 3

C
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■ 2 standard deviations
□ 1 standard deviation

Figure 9 Tower of London, Level 3 - Percent of Schizophrenia group falling 1 or more
standard deviations below Mean Control Group Performance
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Figure 10 Tower of London, Level 4 - Percent of Schizophrenia group falling 1 or more
standard deviations below Mean Control Group Performance
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Figure 11 Tow er of London, Level 5 - Percent of Schizophrenia group falling 1 or more
standard deviations below Mean Control Group Performance
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Figure 12 Tower of London, Aggregate Measures - Percent of Schizophrenia group
falling 1 or more standard deviations below Mean Control Group Performance

In summary, over the entire test the schizophrenia sample solved significantly fewer TOL
puzzles within the minimum number of moves. When broken down to the various levels of
the test this difference was maintained for levels three and four, but not level five.
Moreover, the schizophrenia sample made more moves and concomitantly, more excess
moves on levels three and four. This pattern of results suggests that overall, the
schizophrenia sample was less able to utilise effective problem solving skills and were
significantly slower to make moves and complete trials than the normal control group. The
lack of difference on moves made and excess moves on level five may indicate that the
control group was vulnerable to general performance factors, such as amotivation and
uncooperativeness. As level five is the most complex, it is also possible that the lack of
difference reflects an inability to preplan. It has been reported that people can only make
up to two accurate preplans (Phillips, Wynn, McPherson, & Gilhooly, 2001). This
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suggests, therefore, that a significant difference between the groups would not be expected
on Level 5 of this test.

Methodological issues may have also contributed to the lack of difference on Level 5.
Specifically, the TOL administered in this study permitted participants to continue working
until solution was attained, without a time restriction. Other versions of TOL allow a
limited number of moves for solution to be attained, and if solution is not achieved the trial
is scored as a failure. Thus, participants in this study could continue moving beads until
solution was achieved and this may also have contributed to the lack of difference on Level
5. Indeed, an examination of the latency measures shows that the total time taken at each
level in the clinical group is, in most instances, twice as long as the control group. The
range also indicates that a proportion of the clinical group was making a large number of
excess moves. Together, this indicates the difficulty that the clinical group were
experiencing with the task, despite the fact that there was no difference on Level 5.

9.3.7.1 TOL Sub-groups matched on age and IQ
The performance by the clinical sub-group on the TOL test emulated that observed on the
unmatched samples. That is, the SZ sub-group’s performance remained significantly
inferior to that of the NC sub-group on the same TOL indices. Specifically, the SZ sub
group made more moves on levels three and four (level 3, z = -3.018, p = .003, level four, z
= -2.921, p = .003) but not on level five (z = -.998, p = .318). Equally, a significantly
greater number of excess moves were observed on levels three (z = -2.969, p = .003) and
four (z = -3.144, p = .002) but not level five (z = -1.033, p = .302). The average time taken
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over the various latency measures was significantly longer on each of the levels in the SZ
sub-group (for example average trial times, level 3 z = -4.506, p = .000, level 4 z = -3.929,
p = .000, level 5 z = -4.268, p = .000) and this was evidenced on the total average pick-up
time over the entire test (z = -3.615, p = .000). Overall the SZ sub-group were significantly
less able to solve the TOL problems within the minimum number of moves (z = -3.330, p =
.001), but again, when broken down this difference was only exhibited on levels three and
four of the test (level three z = -3.524, p = .000, level four z = -3.087, p = .002) but not
level five (z = -1.128, p = .259).

9.3.8

WCST

The WCST variables were not normally distributed. Therefore, the nonparametric
Wilcoxon Rank Sum test was used to compare groups. Table 39 shows the medians and
ranges for each of the measures from the schizophrenia and control samples. As apparent
from the Table, the performance of the schizophrenia sample was poorer than that of the
controls generally across all WCST test variables. Statistical analysis confirmed the
significantly poorer performance of the SZ group on the majority of measures from this
test.

The schizophrenia sample made more perseverative responses (z=-2.89, p =.004) and fewer
non-perseverative responses (z = -5.169, p = .000). They exhibited more errors than the
NC group (z =-5.948, p = .000) and the number of cards correct was significantly less in the
SZ group (z = -6.59, p = .000) than the NC group. The SZ group achieved significantly
fewer categories (z = -6.262, p = .000). The SZ groups’ average cognitive latency in
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completing a category was significantly slower than the NCs (z = -6.749, p = .000). Their
percent conceptual score was significantly lower (z = -6.449, p = .000).

The schizophrenia group took more time on all types of responses; sorts made correctly (z
= -4.457, p = .000); perseverative sorts (z = -3.476, p = .001); non-perseverative errors (z =
-3.008, p = .003); and errors (z = -3.112, p = .002).

Table 39 Results from the Wisconsin Card Sorting Test measures, for the schizophrenia (SZ) and
________ control (NC) samples, reported as medians and ranges, with statistical comparison outcomes.
Wilcoxon
Variable
SZ
NC
z
P
M e d ia n

No. Perseverative
Responses
No. Non
Perseverative
Responses
Total Errors
No. Cards Correct
No. Categories
Cards Correct,
Average. Cognitive.
Latency
Perseverative
Average. Cognitive.
Latency
Non-perserverative
Errors Average.
Cognitive. Latency
Errors Av. Cognitive
Latency
Criterion Av.
Cognitive Latency
% conceptual score

1R a n g e

M e d ia n R a n g e

W

15

0-40

4

0-40

2590

-2.89

.004

29
58
37
2

1-94
6-94
5-75
0-6

8
12
13
6

0-49
1-74
0-33
1-6

2276.5
2161
2066.55
1389

-5.17
-5.95
-6.59
-6.26

.000
.000
.000
.000

1664

745-6927

902

315-2722

2415.5

-4.46

.000

1612

510-10540

1195

382-6880

2504.5

-3.48

.001

1930

772-9702

1276

525-4222

2625

-3.01

.003

1846

754-9702

1352

533-3453

2535.5

-3.11

.002

1520
42

567-4512
5-81

856
76

350-1782
11-90

1950
1276.5

-6.75
-6.45

.000
.000
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Figure 13 Wisconsin Card Sorting Test - Percent of Schizophrenia group falling 1 or more
standard deviations below Mean Control Group Performance

These results suggest that the schizophrenia group as a whole were less able to learn the
rules of the task through feedback and their conceptual understanding was relatively
impaired. Moreover, performance was error prone with extended latencies.

9.3.8.1 WCST Sub-groups matched on age and IQ
The performance of the sub-group with schizophrenia remained significantly poorer than
the NC sub-group on the WCST indices. They made significantly fewer correct sorts (z = 5.232, p = .000), fewer non-perseverative responses (z = -3.355, p = .001), more total errors
(z = -3.997, p = .000) and achieved significantly fewer categories (z = -4.261, p = 000) than
the NC sub-group. Their percent conceptual score was significantly lower (z = -4.793, p =
.000). They took a significantly longer amount of time to complete correct sorts (z = 2.972, p = .003) and concomitantly, the average cognitive latency in completing a category
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was slower than the NC sub-group (z = -5.162, p = .000). Significantly longer errors
latencies were observed in the schizophrenia sub-group (z = -2.847, p = .004) and this was
evident on both perseverative responses (z = -3.578, p = .000) and non-perseverative errors
(z = -2.849, p = .004).

9.3.9

Summary of Results from Group Comparisons

Compared to controls the group with schizophrenia exhibited neuropsychological
dysfunction on 53 of the 57 indices examined. This pattern was replicated within the sub
groups matched on age and IQ. Statistically poorer performance was evident on all WCST
measures and they were less able to utilize categorical cues to facilitate learning and recall
on the CVLT. They were significantly less able to solve problems on the TOL and they
were less able to inhibit responses on the Go No-Go. On the RFFT and COWAT the group
with schizophrenia demonstrated impaired design and verbal fluency, compared to controls.
On TMT performance by those with schizophrenia was significantly slower and they
achieved fewer words on every part of the Stroop Color-Word Test.
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9.4

Factor Analysis

An important part of data analysis was to attempt to reduce the vast array of variables from
the test battery by factor analysis to extract several cognitive constructs. The aim was to
compare these constructs and overall factor structure with those reported by Levin and
colleagues (1996). These researchers recently dissociated the various aspects of executive
functioning as measured by various neuropsychological tests putatively sensitive to frontal
lobe damage in a group of brain-injured and normal children. Five underlying factors were
identified—Conceptual-Productivity; Planning; use of Schemas; Semantic Clustering; and
Inhibition. In order to examine the stability of the structure and to further elucidate the
underlying cognitive constructs this study employed similar dependent variables to Levin et
al. for the initial factor analysis, as can be seen in Table 40. In order to explore and clarify
the initial cognitive constructs being measured in the control group and schizophrenia
samples further factor analysis were performed where certain measures were manipulated
(see below). A number of variables that discriminated the SZ group from the NC group
clearly, were thought to provide useful information about executive functioning in
schizophrenia that would enhance interpretation of constructs obtained from the analysis of
those variables utilised by Levin and colleagues (Levin et al., 1996). The constraints
imposed by the sample size in this study precluded inclusion of all variables in the factor
analysis. Therefore, additional variables were included in the factor analysis one at a time
and the resultant effect on factor structure examined to aid interpretation of the cognitive
constructs. Thus, analysis proceeded as follows:Factor analysis of
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1.
2.
3.
4.
5.
6.
7.
8.

Control group Data Set 1 - incorporating variables utilized by Levin et al. (1996) in
a head injured population
Schizophrenia group Data Set 1
Schizophrenia group Data Set 2 —as above (2) with addition of intrusion score from
the California Verbal Learning Test
Schizophrenia group Data Set 3 - as above (2) with addition of Color/Word score
from the Stroop Color and Word Test
Schizophrenia group Data Set 4 - as above (2) with addition of Interference score
from Stroop Color and Word Test
Schizophrenia group Data Set 5 - as above (2) with addition of repetitions score
from Ruff Figural Fluency Test
Schizophrenia group Data Sets 6 and 7 - as above (2) with addition of latency
measures from the WCST
Control group with additional variables, as named above (3-7).

Table 40 Executive functioning measures used in this study and the Levin et al. (1996) study
Test used in this Measures
Levin et al. Measures
Tests used in the Levin
study
et al. (1996) study
Ruff Figural
Fluency Test
California
Verbal Learning
Test
Go No-Go
Controlled Oral
Word
Association Test
Tower of
London

Wisconsin Card
Sorting Test

Number of scoreable
designs produced over
five trials
Percentage of responses
that are clustered
according to semantic
category
Percentage of false alarm
responses
Number of words
produced over three trials
Percentage of problems
solved with minimum
number of moves
Total average time taken
to pick up beads
Percentage of conceptual
level responses

Number of scoreable
designs

Design fluency

Percentage of responses
that are clustered
according to semantic
category
Percentage of false alarm
responses
Number of words
produced over three trials

California Verbal
Learning Test

Percentage of problems
solved on first trial
Percent of problems
solved within 3 trials
Number of broken rules
Initial planning time
Percentage of conceptual
level responses
Percentage of constraints
questions

Go No-Go
Controlled Oral Word
Association Test
Tower of London

Wisconsin Card Sorting
Test
Twenty Questions

Principal components analyses, with varimax rotation, were performed separately on the
data produced by the schizophrenia and control groups. Separate analyses were performed
because it was hypothesized that executive functioning within the control group would be
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more stable and better represent ‘normal’ underlying executive functioning dimensions.
Comparison could then be made with the constructs derived from the schizophrenia sample.
As expected, the schizophrenia sample in this study exhibited impaired executive
functioning relative to normal cohorts. Further, given the vast body of literature which
documents executive dysfunction in schizophrenic populations, performing separate
analyses might provide information that is useful in clinical settings by elucidating distinct
aspects of aberrant executive functioning.

9.4.1

Factor Analytic Strategy

The aim of the factor analysis was to collapse data from the individual measures into
components representative of executive functioning. As the data sets were to be analysed
separately for each group, it was important to ensure that the same statistical procedures
would be applied to each. Therefore, several factor analyses were conducted, each time
manipulating techniques, such as method of extraction (principal components versus
principal axis factoring) method of rotation (varimax, oblique, orthogonal), eigenvalues and
number of factors in an exploratory manner. This was done to achieve consistency in
attaining the best solution in each group using identical procedures. The goal was to obtain
the best resolution of simple factorial structure which would provide conceptual clarity
whilst simultaneously accounting for the most variance.

These methods identified two, three or four factor structures. Four factor solutions utilising
principal components analysis with varimax rotations and eigenvalues greater than 0.8 were
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retained as they produced the best and most interpretable solution and these are reported
below.

9.4.2

Control group results (Data set 1)

The retained four factor solution accounted for 77% of the variance in the executive
functioning indices. The fourth factor accounted for 12% of the variance. As can be seen
in Table 41 below, RFFT, COW AT and TOL percentage of problems solved within the
minimum number of moves, had the highest loadings on Factor 1. This factor accounted
for 28% of the variance amongst the test results. Factor 1 may represent a productivitystrategy dimension, as successful performance on these tests can be facilitated by the
utilization of a tactic. For example word production on COWAT can be enhanced or
mediated by organizing output according to variations on words, themes, sounds, or
clustering meaningfully related words (for example, same consonant:- them, they, theirs,
those, this, that, the) (Lezak, 1995). RFFT performance can be facilitated by systematically
varying the design. A strategic approach to the TOL can also facilitate solution.
Specifically, optimum performance requires that subjects have a strategic plan of the moves
that will be made to ensure that solution is attained in the least amount of moves possible.

The only variable loading onto Factor 2 was Go No-Go percentage of false alarms, which
had a negative loading. This factor accounted for 20% of the variance in the data and was
construed as an Inhibition dimension. False alarms are produced when subjects fail to
inhibit a response to stimuli which should be ignored. Hence, high scores suggest that
subjects are disinhibited, unable to refrain or inhibit incorrect responses.
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Factor 3 accounted for 15% of the variance. The only variable to load on this factor was
WCST percent conceptual score. As this score provides an indication of the level of
understanding, or insight subjects have into the sorting principle, this factor was interpreted
as a construct of Conceptualisation.

Twelve percent of the variance in the data was accounted for by the fourth Factor. CVLT
cluster score loaded positively on this factor while TOL total average pick-up time, loaded
negatively. This factor may represent an index of Planning but the negative loading of the
TOL measure is puzzling. On the CVLT, normal control subjects may maximize their
performance by planning their output by clustering stimuli into the semantic categories
inherent in this test. That is, subjects appeared to have facilitated performance by
organizing words into categories, which could then be consecutively recalled. However,
planning on the TOL (as indicated by the average time taken to pick up the beads) may
have been minimal, particularly for Levels 3 and 4, for these normal control subjects. In
other words, the control subjects found the lower levels of the TOL task undemanding and
did not require much planning time.

Table 41 Control Group Factor Loadings of Executive Functioning Indices Disclosed by
Principal Components Analysis.

RFFT
COWAT
TOL % probs. solved
within min moves
Go No-Go % False Alarms
WCST % conceptual score
CVLT cluster score
TOL Total Average Pick
up Time

Factor 1
Productivity
Strategy
.839
.659
.618
-7.267E-02
4.871E-02
4.610E-02
-.172
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Factor 2
Inhibition

Factor 3 Factor 4
Conceptual Planning

.167
-3.588E-02 -7.076E-02
-.198
.170
.541
.508 6.527E-02
2.347E-02
-.887
-3.216E-02
.133
.529

-.127
.116
.897 6.666E-02
.892
.184
-.580
.287

Summary of cognitive constructs operating in normal controls
The factors identified in the normal controls are similar to those reported in the Levin et al.
(1996) study in a head injured population. Specifically, both studies identified factors
representing dimensions of inhibition and planning. A single conceptual/productivity
factor was identified in the Levin et al. (1996) study, whereas these constructs separated in
this study. The only factors from the Levin research not replicated by this study were
schema and cluster. While this will be explored in more detail, these differences may
represent a number of methodological differences such as different samples being tested
and different indices being analysed. Equally, performance on some of the tests
administered, particularly Levels 3 and 4 on the Tower of London, in this study may have
at ceiling for the control group.

9.4.3

Schizophrenia Group results (Data set 1)

The solution for the schizophrenia group was different to that of the control group.
Although there were still four prominent factors, the measures loading onto each factor
were clustered differently to the control group solution. Seventy-seven percent of the
variance in the executive functioning indices was accounted for by the four factor solution
in the schizophrenia group.

As can be seen in Table 42 below, Go No-Go percentage of false alarms, and TOL number
of problems solved within minimum moves, had the highest loadings on Factor 1. Go NoGo loaded positively while TOL loaded negatively. As stated above for the control
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solution, Go No-Go false alarms can be conceptualized as an index of a subject’s ability to
inhibit responses. The TOL measure represents, in part, planned, goal directed behaviour
which is also contingent upon impulse control. The negative loading of this measure with
false alarms suggests that schizophrenia subjects were impulsive in their approach to the
TOL task; they did not pre-plan effectively—beads were moved in an ad hoc way,
eventually resulting in solution. Therefore, this factor was interpreted as an index of
inhibition. Factor 1 accounted for 33 percent of the variance in the test scores.

It is important to note that different processes appear to be occurring between the two
groups and the TOL indices loaded differently. Hence, the interpretations offered differ for
the schizophrenia group and the normal control group.

Table 42 below indicates that COW AT and RFFT loaded on Factor 2. Sixteen percent of
the variance was accounted for by this factor and it was construed as an index of
productivity-strategy, as described above for the control group. However, it is important to
note that the poor performance of the SZ group generally suggests that whatever strategies
were employed by this group appear to be ineffectual strategies. Factor 3 accounted for 15
percent of the variance. The only variable to load on this factor was the clustering score
from CVLT. Accordingly, this factor may represent a clustering dimension. Factor 4
accounted for 12 percent of the variance in the test results. WCST, percentage conceptual
responses and TOL, total average pick-up time, had the highest loadings on this factor, as
can be seen in Table 42. This factor may represent an index of planning-conceptual ability.
To complete these tests the subject is required to look ahead, conceive alternatives and
abstract and conceptualise the end goal.
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Table 42 Schizophrenia Group Factor Loadings of Executive Functioning Indices Disclosed by

Factor I
Factor 2
Factor 3
Factor 4
Inhibition Productivity Cluster
Planning-Strategy
Conceptual
Go No-Go % False Alarms
.860 -7.837E-02 -2.122E-02 -4.306E-02
TOL % probs solved within
-.738
.313
.121
.162
min. moves
COWAT
-9.783E-02
.836
.210 -9.104E-02
RFFT
-.186
.820
-.118 9.358E-02
CVLT total cluster score
-.104 5.976E-02
.958
.111
WCST % conceptual score
-.276 2.348E-02
.259
.823
TOL Total Average Pickup
.555 -3.587E-02
-.266
.600
Time

9.4.3.1 Discussion

This application of principle components analysis to neuropsychological data representative
of executive functioning revealed different factor structures for the two groups. Essentially,
the TOL indices moved between the factors in the SZ group relative to the NC group.
Specifically, TOL (minimum moves), loaded on Factor 1-Inhibition and TOL (pick-up
time) loaded on Factor 4-Planning-Conceptual in the SZ group. In the NC group TOL
(minimum moves) loaded on Factor 1-Strategy and TOL (pick-up time) loaded on Factor 4Planning. It is postulated that the NC group’s factor structure may be more stable and
better represents distinct components of executive functions because they are ‘normal’
whereas the schizophrenia group’s performance is aberrant from normal.

Broadly the TOL has been purported to assess problem solving and strategic planning.
However, the various indices have been reported to be sensitive to several cognitive
dimensions. Moreover, it has been reported as representing distinct components of

145

executive functioning. It is possible that it may provide discrete measurement
characteristics in schizophrenia. To elucidate the neuropsychological operations potentially
underlying these TOL variables and to improve understanding of the concepts operating in
the schizophrenia sample, other executive functioning indices representative of planning,
inhibition, and creativity were added to the principal components analysis. Due to the
small sample size limiting the number of variables permissible in the factor analysis, it was
necessary to add each additional variable to the set tested initially (Data Set 1) in a series of
separate factor analyses to retain statistical power.

9.4.4

Schizophrenia group results Factor Analysis including CVLT
Intrusion measure (Data Set 2)

Factor analysis of the variables in Data Set 1 was repeated with the addition of the CVLT
Intrusion measure. The Intrusion score reflects the number of responses recalled/given,
which are not on the target list of words. As such, this variable reflects subjects’ propensity
to interference and the ability to self-regulate in terms of filtering irrelevant
stimuli/responses.

A four-factor solution was produced which accounted for 73% of the variance amongst the
test scores. As can be seen in Table 43, the solution was similar to that produced using
Data Set 1, with the first two factors interpreted as above, only in reversed order. That is,
in this solution Factor 1 represents the concept of Productivity-Strategy, with RFFT and
COWAT loading on this factor, and Factor 2 represents Inhibition. The added variable in
this data set, CVLT intrusions, loaded onto Factor 2 along with Go No-Go false alarms and
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TOL problems solved within minimum moves (negatively as above). To reiterate, Go NoGo false alarms provides a measure of the ability to inhibit responses and the TOL is also
contingent upon impulse control. The negative loading suggests an impulsive approach by
the schizophrenia subjects to the TOL task. CVLT intrusion score corresponds and fits well
on this factor as it represents, as noted above, the ability to self regulate. Accordingly, it
would seem that the schizophrenia subjects were unable to inhibit responses despite them
being irrelevant or not belonging to the target list. Factors 1 and 2 accounted for 30% and
16% of the variance amongst the test results respectively.

The only difference in the remainder of the factor solution between this analysis and that of
Data Set 1, was that the WCST percent conceptual score shifted from factor 4 to factor 3, to
load with the CVLT cluster score in this solution, while TOL average pickup time remained
alone in Factor 4. Factor 3 accounted for 14% of the variance and was interpreted as a
Conceptual-Cluster dimension. The fourth factor accounted for twelve percent of the
variance in the test scores.

Initial planning time measures on the TOL have been postulated to reflect a balance
between deliberation and planning as opposed to hastiness or impulsivity. The lengthy
response latencies observed on all timed tests, together with the statistically inferior
performance on the TOL test generally, suggests that the group with schizophrenia
employed inefficient and ineffectual planning. It is posited that within this study, the TOL
pick-up time, captures this apathetic, inefficient planning and as such may provide an index
of anergia. This factor is thought to be an index of planning, albeit poor planning.
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Table 43 Schizophrenia Group Factor Loadings o f Executive Functioning Indices with the
________ Addition of CVLT Intrusion Score, Disclosed by Principal Components Analysis.

RFFT No.
COWAT
CVLT Total
Intrusion Score
Tower % probs
solved within min
mvs
GoNo-Go % False
Alarms
CVLT total cluster
score
WCST %
conceptual score
Tower Tot. Av.
Pickup Time

9.4.5

Factor 1
Factor 2
Productivity- Inhibition
Strategy
.823
-.180
.814
.162
.173
.878

Factor 3
ConceptualCluster
-3.741E-02
.128
4.889E-02

5.309E-02
-.209
-9.604E-02

Factor 4
Planning

.422

-.608

.285

-.269

-.250

.572

-.207

.427

-4.181E-02

5.192E-03

.793

-.321

.151

-.160

.779

.310

-8.479E-02

7.071E-02

7.607E-03

.874

Schizophrenia group results Factor Analysis including Stroop
Color/Word Score (Data Set 3)

Factor analysis of the variables in Data Set 1 was repeated with the addition of the Stroop
Color/Word score. This was to determine if the TOL pick-up time measure, may indeed be
an index of apathy/anergia in the schizophrenia sample. The capacity to filter out
irrelevant, distracting stimuli is a requirement of the Stroop. Successful performance
demands repression of the reading response while naming the colour of the printed word.
The Color/Word score may be considered a purer measure of self-regulation and filtering
ability as it is not calibrated against the more automatic and over-learned aspects of reading
and to a lesser degree colour naming.

A four factor solution was produced which accounted for seventy-three percent of the
variance in the test scores. Table 44 below indicates that the solution was similar to that
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produced from Data Set 1. The interpretation of the first two factors was as above. That is,
Factor 1 in this solution represented an inhibition dimension. However, Go No-Go
percentage of false alarms, loaded negatively while TOL percentage of problems solved
within minimum number of moves, loaded positively. This is a reversal from Data Set 1,
however, the interpretation is unaffected. That is, the schizophrenia subjects were unable to
inhibit irrelevant responses, or responses which should be ignored. The added variable in
this data set, Stroop Color/Word, loaded positively on the inhibition factor. This is
appropriate and fits well with the interpretation because this score provides a measure of
self-regulation, or the ability to monitor, filter and thus inhibit responses. This factor
accounted for 33% of the variance.

Table 44 Schizophrenia Group Factor Loadings of Executive Functioning Indices with the
_______Addition of Stroop Color/Word score, Disclosed by Principal Components Analysis.
Factor 4
Factor 3
Factor 1
Factor 2
Planning
Inhibition Productivity- Conceptual
Cluster
Strategy
-2.563E-02
-.120
.257
-.850
Go NoGo % False Alarms
-8.181E-02
.118
.331
.750
Stroop Color/Word
-.246
.375
.281
.533
TOL % problems solved
within min moves
4.951E-02 -1.418E-02
.830
.105
RFFT No.
6.825E-02 -7.648E-02
.814
.200
COWAT
-.178
.879
7.492E-02
-2.742E-02
CVLT total cluster score
.622
.513
8.165E-03
.369
WCST % conceptual score
.835
-7.114E-02
-.133
-.221
TOL Tot. Av. Pickup Time

Factor 2 again represented a productivity-strategy dimension with RFFT and COWAT
again having the highest loadings. Fourteen percent of the variance amongst the test results
was accounted for. As occurred with Data Set 2, WCST percent conceptual score jumped
from factor 4 to factor 3, to load with the CVLT cluster score in this solution, while TOL
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average pickup time remained alone in factor 4. These factors were again interpreted as
representing a conceptualisation/clustering dimension and an index of planning,
respectively. Thirteen percent of the variance was accounted for by factor 3 while factor 4
accounted for eleven percent.

When the additional measures requiring active filtering of stimuli CVLT Intrusion scores
and Stroop Color/Word scores, were added to the variables included in factor analysis, the
TOL average pickup time measure became disassociated from the WCST percent
conceptual score, to stand alone. In both instances this factor was interpreted as a
dimension of planning. However, as the group with schizophrenia exhibited significantly
longer response latencies and inferior performance to the normal control group TOL pick
up time may capture apathetic, ineffective functioning. Apathetic performance/behaviour
has been well documented in schizophrenia. Similarly, dysfunction in cognitive flexibility
and rigidity are also commonly reported. Anergia, cognitive flexibility and rigidity may all
be considered aspects of volitional behaviour. In order to determine how, or if, the
underlying structures altered and to further elucidate the factors, other variables were added
to the analyses.

9.4.6

Schizophrenic group results Factor Analysis including Stroop
Interference Score (Data Set 4)

The Stroop interference score was added to the analysis to elucidate the stability of the
factor structure and its underlying dimensions. This score is calculated by a comparison
between actual performance on the Color-Word component of the test and a predicted
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Color-Word score. The predicted score is derived from a mathematical manipulation of
the scores on the reading and colour-naming components of the test. Accordingly,
speed and reading ability are controlled for in the Stroop Interference score.

A four-factor solution was produced which accounted for 72% of the variance in the
executive functioning indices. Table 45 indicates that the solution was analogous to that
produced using Data Set 1. The first two factors were interpreted as in Data Set 1.
Specifically, in this solution Factor 1 accounted for 29% of the variance and was
interpreted as an index of inhibition. As can be seen in Table 45 TOL percentage of
problems solved within minimum moves, loaded negatively with Go No-Go false alarms.
However, in this solution TOL total average pick-up time, jumped from factor 4 to factor 1
and the added variable, Stroop interference score, loaded by itself on factor 4. TOL pick-up
time, reflects a balance between deliberation and planning as opposed to hastiness or
impulsivity. The fact that it jumped to load on the inhibition factor suggests that two
parallel processes are happening within the group with schizophrenia. On the one hand the
lengthy response latencies observed on all timed tests in this study suggests that ineffective
and inefficient planning strategies are being employed. At the same time performance is
very poor on the TOL suggesting that the group with schizophrenia moved beads in an ad
hoc way, without inhibiting prepotent responses, until they attained solution. Hence, the
loading of this variable in this data set with variables representing inhibition is not
incongruent.
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Table 45 below indicates that Factor 2, accounted for fifteen percent of the variance and it
retained the loadings of COW AT and RFFT. Accordingly, this factor is identical to Factor
2 in Data Set 1 and it was again construed as an index of productivity-strategy.

As occurred in Data Set 2 and 3 WCST percent conceptual score, jumped from factor 4 to
factor 3, to load with the CVLT cluster score in this solution, representing an index of
conceptualizing and clustering. This factor accounted for 14 percent of the variance.
Stroop Interference, was the only variable to load on factor four which was construed as an
index of rigidity-creativity. This is because performance on this subtest can be mediated by
the ability to devise and utilize strategies to deal with repeating stimuli independent of other
cognitive abilities such as reading and speed of processing. That is, successful performance
on the Color/Word component of this test can be mediated by the ability to approach the
task creatively. Concomitantly, performance may be undermined by rigidity such as not
actively seeking methods or strategies to facilitate color/word naming. Twelve percent of
the variance in the test scores was accounted for by this factor.

Table 45 Schizophrenia Group Factor Loadings of Executive Functioning Indices with
Factor 4
Factor 3
Factor 2
Factor 1
CreativityInhibition Productivity- Conceputal
Rigidity
Cluster
Strategy
3.752E-02
.160
-1.257E-02
.831

TOL Total Average
Pickup Time
.684
Go NoGo % False Alarms
-.531
TOL % problems solved
within minimum moves
-5.429E-02
RFFT (No.)
-.164
COWAT
.117
WCST % conceptual score
-.310
CVLT total cluster score
-.105
Stroop Interference Score

-.223
.430

-.277
.382

-.256
-6.221E-02

.852
.768
.126
-8.802E-02
-7.194E-02

2.298E-02
4.738E-02
.855
.665
3.132E-02

.162
-.295
.218
-.377
.890
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To summarise, when the Stroop Interference score was added to the analysis TOL pickup
time, moved from loading with the WCST percent conceptual score to factor 1 which was
interpreted as a dimension of Inhibition. The Stroop score loaded on the fourth factor by
itself and was interpreted as an index of rigidity or conversely creativity. Deficits in
cognitive flexibility and rigidity have been well documented in schizophrenia. In order to
determine the stability of the rigidity factor the RFF, Repetitions score, was added to the
factor analysis.

9.4.7

Schizophrenia group results Factor Analysis including RFFT
Repetitions (Data Set 5)

Design generation is dependent upon the ability to creatively and rapidly vary responses to
produce unique patterns. The development and maintenance of a creative strategy can
therefore significantly facilitate performance. If a predetermined pattern is utilized then the
repeated production of unique designs/solutions is not required. Equally, not engaging
creative imagination/strategy and rigidly adhering to an unsuccessful method will
undermine performance. It is postulated that the RFFT repetitions score, provides an index
of creativity, or conversely, cognitive rigidity. The repetitions score on RFFT is the total
number of designs repeated on each of the five parts of the test.

A four-factor solution was again produced which accounted for 72% of the variance
amongst the test scores. Table 46, indicates that the solution was parallel to that produced
using Data Set 1. The first two factors were interpreted as in Data Set 1. Specifically, as
seen in Table 46 in this solution Factor 1 accounted for 30% of the variance and was
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interpreted as an index of inhibition. The same indices loaded on this factor—TOL
percentage of problems solved within minimum moves, which retained its negative loading
with Go No-Go false alarms. As occurred with Data Set 4, TOL total average pick-up time,
moved from factor 4 to factor 1 and the added variable, RFFT repetitions score, loaded by
itself on factor 4. As noted above, TOL pick-up time, reflects a balance between
deliberation and planning as opposed to hastiness or impulsivity. Given the lengthy
response latencies observed on all timed tests in this study this variable appears to be
reflecting a parallel process within the group with schizophrenia—inefficient and
ineffective planning together with disinhibited performance whereby prepotent responses
are not withheld. Hence, it is not unrelated to the variables loading on inhibition in this
data set.

Factor 2 accounted for fourteen percent of the variance and was the same in this data set as
that produced in Data Set 1. That is, COW AT and RFFT number of designs, loaded on this
factor, which was construed as an index of productivity-strategy again.

As occurred in Data Sets 2, 3 and 4, WCST percent conceptual score jumped from factor 4
to factor 3, to load with the CVLT cluster score in this solution, representing an index of
conceptualizing and clustering. This factor accounted for 14 percent of the variance. RFFT
repetitions was the only variable to load on factor four which accounted for twelve percent
of the variance in the test scores. This factor was construed as an index of rigiditycreativity.
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Table 46 Schizophrenia Group Factor Loadings of Executive Functioning Indices with RFFT
________ Repetitions Disclosed by Principal Components Analysis______________
Factor 1
Factor 2
Factor 3
Factor 4
Inhibition Productivity/ Conceptual/ Rigidity/
Strategy
Cluster
Creativity
TOL Total Average Pickup Time
.827
-3.039E-02
.134 -6.801E-02
Go NoGo % False Alarms
.696
-.139
-.248
.183
TOL % problems solved within
-.547
.308
.321
-.427
min moves
COWAT
-.162
.877
.175
.113
RFFT No.
-5.341E-02
.776 -2.71 IE-02
-.370
WCST % conceptual score
.116
2.971E-02
.801
-.299
CVLT total cluster score
-.271
6.160E-02
.746
.236
Ruff Repetitions
9.622E-02
-4.089E-02 -2.356E-02
.877

It is postulated that together the Stroop Interference score and RFFT Repetition score
reflect cognitive rigidity and conversely provide an index of creativity. When these
variables were added to the analyses TOL pickup time separated from WCST percent
conceptual score and was incorporated into the Inhibition factor. Further, a distinguishable
creativity/rigidity factor emerged. Dysfunction in cognitive flexibility in schizophrenia is
commonly reported in the literature.

These results suggest that some type of dual process is occurring with disinhibition and
apathy/anergia. Specifically, TOL pick-up time, has been interpreted in this study as
reflecting a twofold process within the group with schizophrenia—extended response
latencies suggesting inefficient planning may provide an index of apathy or anergia, as well
as disinhibition. This appears to be the key variable which shifts around in Factor analysis,
depending upon which other variables are included. In order to clarify if TOL pick-up time
is an index of apathy, latency measures from the WCST were added to the analyses.
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9.4.8

Schizophrenia group results Factor Analysis including WCST
- Timing Measures (Data Sets 6 and 7)

Two latency measures from the WCST were added separately, to the factor analysis to
further elucidate the nature of TOL pick-up time. Specifically, latency measures were
added to determine if the TOL measure reflects apathy or anergia. If the timing measures
load on factors other than the planning factor it would undermine this proposal and
depending on where and how they load it would suggest that other underlying processes are
occurring within the schizophrenia group. The WCST latency measures utilized were the
average cognitive latency on cards sorted incorrectly (errors) and on cards that were
correctly sorted.

A four-factor solution was produced which accounted for 74% of the variance amongst the
test scores. As can be seen in Table 47, the solution was similar to that produced using
Data Set 1, except in a different order. In this solution, as expected, the latency on errors
from the WCST and TOL pick-up time, had the highest loadings on Factor 1. This factor
accounted for 31% of the variance amongst the test results. This factor was interpreted as a
dimension of planning which in effect may provide an index of anergia or apathy within the
group with schizophrenia.

As occurred in Data Set 1, inhibition and productivity-strategy factors were produced with
the same variables loading onto them. Specifically, Go No-Go false alarms and TOL
problems solved within minimum moves made up the Inhibition Factor. However, in this
instance Go No-Go loaded negatively. Factor 3 continued to represent a dimension of

156

productivity-strategy and RFFT and COWAT remained on this factor. Factors 2 and 3
accounted for 17% and 14% of the variance amongst the test results respectively.

Again, the only difference in the remainder of the factor solution between this analysis and
that of Data Set 1, was that the WCST percent conceptual score remained on Factor 4 and
CVLT cluster score, jumped from Factor 3 in Data Set 1 to Factor 4 in this solution.
Eleven percent of the variance amongst the test scores was accounted for by this factor.

Table 47 Schizophrenia Group Factor Loadings of Executive Functioning Indices with
WCST Average Cognitive Latency on Errors Disclosed by Principal
________ Components Analysis. _____________________________ _______
Factor 3
Factor 4
Factor 1 Factor 2
Planning Inhibition Productivity- Conceptual
Strategy
Cluster
-.148 -4.707E-02
.850 -3.755E-02
WCST Errors Av. Cognitive
Latency
-2.939E-02 -8.198E-04
-.254
.835
TOL Tot. Av. Pickup Time
-5.563E-02 -5.372E-02
-.869
.190
Go NoGo % False Alarms
.297
.196
.762
TOL % probs solved within -9.502E-02
min mvs
.835 -8.440E-03
.149
-3.943E-02
RFFT No.
.817 9.663E-02
.112
-.124
COWAT
4.932E-02
.867
-1.631E-03
-.256
CVLT total cluster score
5.218E-02
.692
.313
.281
WCST % conceptual score

TOL total average pick-up time and WCST errors average cognitive latency shared
variability, as expected. It is possible that these latencies reflect planning. However, the
extended response latencies on all timed tests resulted in highly significant differences
between the two groups on neurocognitive comparisons (e.g. WCST errors average
cognitive latency, z = -4.46, p = .000 and TOL total average pick-up time, z —-5.19, p —
.000). This may suggest that the schizophrenia sample exhibited highly inefficient planning
and that performance was apathetic. In order to further examine the nature of the TOL
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measure the factor analysis will be repeated with the addition of WCST cards correct
average cognitive latency.

A four-factor solution was again produced with the addition of WCST cards correct
average cognitive latency. The solution accounted for 74% of the variance amongst the test
scores. Table 48 reveals that the solution was essentially no different to that produced
using Data Set 6 and similar to the solution produced using Data Set 1. As occurred with
Data Set 6 the only difference was in the order of the factors. Once again the latency
measure on cards sorted correctly from the WCST and TOL pickup time had the highest
loadings on Factor 1. This factor accounted for 32% of the variance amongst the test
results. This factor was interpreted as a dimension of planning which reflects slow,
apathetic performance.

As occurred in Data Set 1, Inhibition (Factor 2) and Productivity-Strategy (Factor 3) factors
were reproduced with the same variables loading onto them. Specifically, Go No-Go false
alarms and TOL problems solved within minimum moves construed the Inhibition Factor.
Again, as occurred in Data Set 6, but not in Data Set 1, Go No-Go loaded negatively. The
productivity-strategy dimension was again produced, as in Data Set 1 with RFFT and
COWAT remaining on this factor. Factors 2 and 3 accounted for 16% and 13% of the
variance amongst the test results respectively.

In the remainder of the factor solution the only difference between this analysis and that of
Data Set 1, was that the WCST percent conceptual score remained on Factor 4 and CVLT
cluster score, jumped from Factor 3 in Data Set 1 to Factor 4 in this solution, as occurred
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with the solution from Data Set 6. Ten percent of the variance amongst the test scores was
accounted for by this factor.

Table 48 Schizophrenia Group Factor Loadings of Executive Functioning Indices with
WCST Average Cognitive Latency on Cards Sorted Correctly Disclosed by
________ Principal Components Analysis.__________________________________
Factor 1 Factor 2
Factor 3
Factor 4
Planning Inhibition ProductivityConceptual
Strategy
Cluster
TOL Total Average
.866
-.198
-1.953E-02
-1.858E-02
Pickup Time
WCST Cards Correct, Av.
.824
-.118
-.192
-4.549E-02
Cog. Lat.
Go NoGo % False Alarms
.213
-.862
-5.306E-02
-4.096E-02
TOL % probs solved
-.142
.751
.296
.187
within min mvs
RFFT No.
-5.875E-02
.152
.832
-1.718E-02
COWAT
-.124
.103
.818
.103
CVLT total cluster score
-.238 -1.212E-02
4.903E-02
.885
WCST % conceptual score
.279
.367
5.247E-02
.660

Both latency measures from the WCST loaded with TOL pick-up time on the planning
factor which may therefore represent slow and apathetic performance within the group with
schizophrenia. The Wilcoxon Rank Sum test and t-tests revealed that the schizophrenia
group’s performance was statistically poorer than the normal control group’s on the WCST
latency measures. Specifically, the average time taken on cards sorted correctly was almost
double that of the controls: 2124.7 seconds (s.d. 1478.2 seconds) in the SZ group compared
to 1152.6 seconds (s.d. 590.1 seconds) in the NC group (z = -4.46, p = .000). Similarly,
average cognitive latency on cards sorted incorrectly was significantly slower in the SZ
group (SZ mean 2471.2 seconds, s.d. 1899.05 versus NC mean of 1500.9 seconds, s.d.
771.7 seconds) (z = -3.11, p = .002). It is posited that the latency measures reflect some
sort of planning. However, the protracted times do not result in adequate performance by
the schizophrenia sample; their neurocognitive performance was statistically poorer than
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the normal cohorts in practically every instance. The extended latencies (which were
significantly longer and very slow), inferior test performance, and observations during
testing, all suggest that these timing measures may actually capture slow and apathetic
performance as opposed to planning. As the WCST latencies loaded with the TOL latency
measure, this supports the hypothesis that the TOL measure, in this study, may provide an
index of apathy/anergia.

9.4.9

Overall Discussion of Factor Analysis results from
Schizophrenia Group.

The aim of the factor analysis was to extract robust and dissociable executive functioning
constructs from the vast array of variables from the test battery in an attempt to further
clarify the underlying cognitive constructs. Further, this analysis aimed to test the stability
of the factor structure identified by Levin and colleagues (1996) in a head injured
population. Five underlying factors were identified in the cited study—conceptualproductivity; planning; use of schemas; semantic clustering; and inhibition. Accordingly,
this study employed similar dependent variables for the initial factor analysis. In order to
explore and clarify the initial cognitive constructs being measured in the schizophrenia and
control samples, further factor analyses were performed where certain measures were
manipulated.

Four factor solutions were identified in every instance. Within the control group the factors
were—organization-strategy, inhibition, conceptualization and planning. When the
schizophrenia data were analysed different factors were produced. Within the
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schizophrenia group the factors were—inhibition, planning-conceptual, clustering and
productivity-strategy factors. While several factors were similar, the structures were
different—the main difference being that the TOL indices moved between the factors in the
schizophrenia group, relative to the normal control group.

Various measures from the TOL have been reported as being sensitive to distinct cognitive
dimensions, in particular certain executive functioning components. Hence, one aim of the
analysis was to determine if the TOL provided discrete measurement characteristics in
schizophrenia. Concomitantly, an exploration of the neuropsychological operations
potentially underlying these TOL variables may improve understanding of the concepts
operating in the schizophrenia sample. Therefore, other executive functioning indices
representative of planning, creativity, inhibition, and anergia were added to the principal
components analysis.

When the CVLT intrusion score and the Stroop ColorAVord score were added to the factor
analysis each solution revealed the same four factors—inhibition, productivity-strategy,
conceptual/cluster and planning. When the Stroop interference score and RFFT repetitions
score were added to the analysis, the factors reconfigured resulting in a new factor—
rigidity. The remaining factors—inhibition, productivity-strategy and conceptual/cluster
were essentially the same. The main difference between these solutions and the initial
solution was that TOL pick-up time continued to move around, in some instances loading
on the inhibition factor and in others loading on a separate planning factor. Another
difference between subsequent solutions and the initial solution was that WCST percentage
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conceptual score loaded with CVLT total cluster score, forming what appeared to be a
stable and robust conceptualization-clustering factor.

Good performance on the Stroop Color/Word subtest requires that participants actively
filter information/stimuli and focus and sustain attention. Intelligence, speed and reading
ability are not controlled in this subtest as scores are not calibrated against the reading and
colour-naming sub-components of the test. As such it can be considered a gross indicator
of susceptibility to interference and concomitantly the ability to filter information/stimuli.
Equally, the Intrusion score from the CVLT reflects the ability to filter and discriminate
irrelevant stimuli from relevant stimuli. Within this study, Stroop Color/Word and CVLT
Intrusion score, are posited to reflect susceptibility to interference.

Speed and reading ability are controlled for in the Stroop Interference score. Specifically,
actual performance is compared to a predicted score based on performance in the reading
and colour-naming subtests. Yet, performance on any neuropsychological test commonly
reflects multiple underlying sensory and cognitive processes. As such, whilst it is
acknowledged that this score reflects interference, it has also been postulated to provide an
index of creativity (Golden, 1978). Successful performance can be facilitated by creativity
and correspondingly undermined by rigidity. In other words, the Stroop Interference score
can be mediated by the ability to devise and utilize strategies to deal with repeating stimuli
independent of other cognitive abilities such as reading and speed of processing. Similarly,
successful performance on RFFT can be facilitated by the use of strategies that are reliant
upon the ability to be creative and imaginative.
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Deficits in cognitive flexibility and rigidity have been well documented in schizophrenia. It
is therefore postulated that together the Stroop Interference score and RFFT Repetition
score, reflect cognitive rigidity or conversely provide an index of creativity.

Accordingly, when variables are added to the analyses which reflect creativity (Stroop
Interference, RFFT Repetitions) a distinguishable creativity/rigidity factor emerges. When
this occurs TOL pickup time separates from WCST percent conceptual score and is
incorporated into the Inhibition factor. Conversely, tasks that require active filtering of
stimuli (Stroop Colour-Word score and CVLT intrusion score) are subsumed by the
Inhibition factor and a planning factor emerges.

It is postulated that TOL pick-up time reflects a dual process occurring within the group
with schizophrenia. Specifically, when filtering demands are added to the analysis this
measure provides an index of highly ineffective planning. This inefficient planning is
reflected by a) the long response latencies, b) failure to solve the TOL problems generally
and c) the poor performance by the group with schizophrenia (see Figure 9, Figure 10 and
Figure 11). Taken together, this suggests apathetic performance within this group. In order
to clarify this hypothesis latency measures from the WCST were added to the analyses.
Both latency measures, (i.e. cards sorted correctly and cards sorted incorrectly), loaded on
the planning factor, thus providing support for the hypothesis. At the same time, TOL
pick-up time switched to the inhibition factor when creativity demands were added to the
analysis. TOL pick-up time reflects a balance between deliberation/planning and
inhibition. It would seem that prepotent responses were not inhibited and beads were
moved in an ad hoc way until solutions was reached. Hence, the TOL measure seems to
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capture disinhibition and apathy (as reflected by extended response latencies and poor
overall performance) within the group with schizophrenia. Together these results suggest
that the schizophrenia group is experiencing difficulties with volitional behaviour. Figure
14 below provides a conceptualisation of the cognitive processes occurring within the
group with schizophrenia.

Filtering
Demands

Creativity
Demands

V7
Apathy

Disinhibition

Lpr
•

Volition
m

+

w f*
____ -______________

Figure 14 Model of cognitive processes postulated to be occurring within the schizophrenia sample.

Regardless of the type of variable added (i.e. Creativity/Rigidity, filtering tasks) CVLT
Cluster score and WCST Conceptualising scores moved together forming what appeared to
be a fairly stable Conceptual/Clustering factor in all analyses. Similarly, the Productivity
factor remained stable in all analyses.

As noted earlier, the main difference between the schizophrenia and control solutions for
Data Set 1 was that the TOL indices moved between the factors. In order to determine and
explore what happens to the control group solution the variables added to the schizophrenia
group factor analyses were included in the control group factor analysis. The results of this
analysis may provide support for Figure 14, outlined above.

164

9.4.10

Control Group Factor Analysis with additional cognitive
measures

A principal components analysis with varimax rotation was performed on the NC group
data utilizing the same cognitive measures that were added to the SZ analysis. That is,
Stroop Interference, Stroop Color/Word, CVLT intrusion and RFFT Repetition were added
to the variables used in the original analysis of Data Set 1.

Separate factor analyses including each of the variables at a time was not required as
statistical power could be retained due to a larger N in the NC group. Therefore, all
variables were added into the analysis together. It was decided to retain only one of the
WCST latencies, (i.e. average cognitive latency on cards sorted correctly) to avoid
redundancy.

A six-factor solution with eigenvalues greater than 0.8 was retained because it made
conceptual sense and it appeared to identify discrete dimensions of shared variability. This
solution accounted for 77% of the variance in the test scores. The reported analysis
provided the optimum resolution of simple structure and accounted for a significant amount
of variability.

As reflected by the factor loadings that appear in Table 49, the two Stroop measures
(Interference and Color/Word) had the highest loadings on Factor 1. This factor accounted
for 20.6% of the variance in the test scores and was interpreted as an index of Attention.
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Factor 2 accounted for 16.2% of the variance in the NC test results. This factor was
conceptualized as a Productivity-Strategy dimension. Ruff Figural Fluency Test number of
unique designs, TOL minimum moves and COWAT had the highest loadings on this factor.

Table 49 indicates that the latency measures, (TOL pick-up time and WCST average
cognitive latency on correct sorts) loaded on Factor 3, which was interpreted as a Planning
dimension. Fourteen point three percent of the variance in the test scores was accounted for
by this factor.

Factor 4 was interpreted as a Conceptual dimension and it accounted for 11 % of the
variance in the test scores. RFFT Repetitions loaded negatively and WCST percent
conceptual score loaded positively on this factor.

The indices from the CVLT had the highest loadings on Factor 5, which was interpreted as
an index of Clustering. This factor accounted for 8.3% of variance amongst the test scores.

As can be seen in Table 49 below Go No-Go percentage of false alarms was the only
variable to load on Factor 6. This factor was conceptualized as an Inhibition dimension and
it accounted for 6.8% of the variance amongst the NC test scores.
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Table 49 Normal Control Group Factor Loadings of Executive Functioning Indices Disclosed by
________ Principal Components Analysis with additional variables._____________________
1
2
3
4
5
6
Attention Productivity Planning Conceptual Cluster Inhibition
Strategy
Stroop Interference
.907
-.187 8.426E-02 -2.051E-02
-.143 7.191E-02
Score
Stroop Colour/Word
.905
.156
-.139 -7.992E-02
-.115 3.677E-02
RFFT No.
.104
.805
-.320
-.104 -3.365E-02 -2.891E-02
COWAT
.102
.703
.265 7.480E-02
.203
.380
TOL % probs solved
-.333
.685
.187
.191
-.210 2.559E-02
within min moves
TOL Tot. Av. Pickup
.103
3.948E-02
.852 -2.130E-02
.227 -9.756E-03
Time
WCST Cards Correct,
-.329
-4.230E-02
.657 3.076E-02 -8.565E-02
.380
Av. Cog. Lat.
RFFT Rep.
-4.723E.145 9.093E-02
-.833
.142
-.163
03
WCST % conceptual
-.136
.284
.126
.765
.120
-.218
score
CVLT total cluster
9.199E-02
-.172
.179
.263
-.762
.166
score
CVLT Total Intrusion
-.185
.118 3.928E-02
.185
.762
.277
Score
Go No-Go % False
-9.617E-.117
-.111 1.494E-02 -5.955E-02
-.868
Alarms
02

Comparing the various control group and schizophrenia group solutions it can be seen that
the productivity/strategy factor was unchanged from the initial control group solution
despite the addition of the variables. The conceptual factor also remained. However in the
current solution, WCST percent conceptual score loaded with RFFT repetitions score,
whereas previously (Data Set 1 control solution) the WCST loaded by itself and in the
schizophrenia analyses the WCST score and CVLT cluster score moved together and
shared variability. These results are not incongruent and make conceptual sense in both
instances. That is, WCST and CVLT shared variability in all the schizophrenic analyses
and as such this factor appears to be a robust dissociable factor within this population.
Within the current control sample solution the RFFT repetitions score loaded negatively
with the WCST percent conceptual score, indicating that subjects with high repetitions
scores did not formulate, or perhaps understand the idea that designs on RFFT could be
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systematically varied to facilitate optimum performance. That is, performance on both tests
cannot be achieved without an understanding of the task’s concepts and how to achieve
optimum results. A priori this suggests that different underlying processes are occurring in
the samples.

The latency measures (TOL total average pick-up time and WCST cards correct average
cognitive latency) shared variability in this control solution and were construed as a
dimension of planning. These measures also loaded together in the schizophrenia group
solutions. Despite the name of the factors being the same, however, the interpretation was
somewhat different—that is, this factor was posited to capture poor planning which actually
reflected apathy or anergia within the group with schizophrenia. This interpretation was
made in light of a culmination of evidence such as the statistically inferior performance by
the schizophrenia group, the extended latencies on all timed tests which did not result in
optimum, or indeed normal performance, observations during testing, and the vast body of
literature reporting anergia in schizophrenia.

Consistent with the major differences observed between the two initial solutions from Data
Set 1, the TOL indices moved between the factors in a similar manner in this solution.
Specifically, TOL percentage of problems solved within minimum moves, did not load on
the inhibition factor in this solution, as occurred in the schizophrenia solution from Data
Set 1, loading instead on the productivity-strategy factor, as occurred in the control group
solution from Data Set 1 and the current solution. Equally, as noted above TOL total
average pick-up time loaded on the planning factor with the latency measure from the
WCST.
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The Stroop indices loaded together in this solution forming a new factor labeled attention.
In order to retain statistical power it was necessary to add the variables separately in the
schizophrenia solutions. In order to fully compare and explore this, it would be necessary
to replicate this analysis with a bigger sample size, which would allow all indices to be
analysed together. Therefore, this result may merely reflect methodological differences, or
alternatively, it may reflect different underlying cognitive processes between the groups.
This is feasible given the vast differences in neurocognitive performances between the
groups and the literature documenting impairment within schizophrenia. This needs to be
partialled out more carefully in follow-up studies.
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9.5

Correlations between Factor Scores and
Schizophrenic Symptoms

Attempts have been made to subtype and compare symptom patterns in schizophrenia with
the aim of reducing the heterogeneity of the disorder (Gourovitch & Goldberg, 1996;
Palmer et ah, 1997). However, there has been limited investigation of the relationship
between executive dysfunction and schizophrenic symptom expression. Specifically, it is
unclear if the deficits in frontal-lobe mediated abilities are expressed differentially across
clinical subtypes. There has been some support from the literature that schizophrenic
symptom subtypes may be associated with different configurations of cognitive
impairment.

One of the most widely adopted methods of subtyping includes a breakdown on the basis of
positive and negative symptomatology. Negative symptoms tend to be chronic and are
associated with greater neuropsychological impairment (Liddle, 1996). They havè also
been associated with tardive dyskinesia, reduced social and occupational functioning (Penn,
Kohlmaier, & Corrigan, 2000), impaired psychosocial skill learning (Addington et al.,
1991; Corrigan & Toomey, 1995; Dickerson et al., 1996; Palmer et al., 1997), poorer verbal
fluency (Howanitz et al., 2000; Tek et al., 2001), impaired sustained attention, deficits in
visual information processing and perceptual-motor integration (Strauss, 1993). Negative
symptoms have also been associated with greater neuropsychological impairment,
including executive and working memory deficits (Guillem et al., 2001; Nieuwenstein et
al., 2001; Perlick, Mattis, Stastny, & Silverstein, 1992; Rozenthal, Carvalho, Laks,
Maculan, & Engelhardt, 2000).
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However, the evidence is equivocal because positive symptoms have also been related to
frontal executive tasks (Zakzanis, 1998). Further, while there is little demonstrated
correlation between positive symptoms and social deterioration (Dickerson et al., 1996),
these symptoms have been correlated to deficits in auditory information processing,
especially of language stimuli, and deficits in selective attention (Strauss, 1993). Yet other
studies have reported significant associations between negative symptoms and verbal
reasoning (Addington et ah, 1991).

To evaluate the clinical utility of the various SZ factor structures and to elucidate the
relationship between symptom subtypes and the executive frontal factors, correlation
analyses were performed between factor scores (the score that subjects would have received
on each of the factors had they been measured directly) and symptoms.

Psychotic symptomology was assessed using the Positive and Negative Syndrome Scale
(PANSS) (Kay et al., 1987). This scale contains 30 items and is scored on a 7 point Likert
scale. Three summary scores are yielded by the PANSS; Positive symptoms, Negative
symptoms and General symptoms.

9.5.1

Correlational Analysis of Factor Scores from Data Set 1 and
PANSS

Pearsons product-moment correlations were computed to investigate the relationship
between the Factor Scores produced from Data Set 1, where the dependent variables were
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based on Levin et al’s (1996) cognitive measures, and psychiatric symptoms as measured
by the PANSS. The variables used in the original analysis from which the Factor Scores
were produced are shown in Table 40.

Factor scores for Factors 2 (Productivity-Strategy) and 4 (Planning-Conceptualisation)
were normally distributed and hence Pearson Product Moment correlations were calculated
between the factor scores and summary measures from the PANSS. These are shown in
Table 50. Factor scores for Factors 1 (Inhibition) and 3 (Cluster) were not normally
distributed. Therefore, Spearman correlations were calculated as shown in Table 51.

Table 50 Pearson Product Moment Correlations between Data Set 1 Factor
Scores (Factors 2 and 4) and Psychiatric Symptom measures from
the PANSS.
Productivity- PlanningStrategy
Conceptual
-.268
.022
Negative Symptoms Pearson r
Correlation
Sig. (2-tailed)
.109
.897
.210
.115
Positive Symptoms Pearson r
Correlation
.213
.498
Sig. (2-tailed)
.147
.088
General Symptoms Pearson r
Correlation
.384
.602
Sig. (2-tailed)
N=37

Table 51 Spearman correlations between Data Set 1 Factor Scores (Factors 1
________and 3) and Psychiatric Symptom measures from the PANSS.
Inhibition Cluster
-.026
.128
Negative Symptoms Correlation Coefficient
.450
.877
Sig. (2-tailed)
-.262
-.010
Positive Symptoms Correlation Coefficient
.953
.117
Sig. (2-tailed)
-.102
.137
Correlation
Coefficient
General Symptoms
.546
.419
Sig. (2-tailed)
N = 37
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The correlations between the Factor Scores from the variables used in the original analysis
(as noted above) and the PANSS summary scores revealed no significant relationships.

9.5.2

Correlational Analysis of Factor Scores from Data Set 2 and
PANSS

Factor scores for Factors 2 (Productivity-Strategy), 3 (Conceptualisation-Cluster) and 4
(Planning) were normally distributed and hence Pearson Product Moment correlations were
calculated between the factor scores and summary measures from the PANSS. These are
shown in Table 52. Factor scores for Factor 2 (Inhibition) were not normally distributed.
Therefore, Spearman correlations were calculated as shown in Table 53.

Table 52 Pearson Product Moment Correlations between Data Set 2 Factor
Scores (Factors 1,3 and 4) and Psychiatric Symptoms from the
PANSS.

Negative Symptoms

Positive Symptoms

General Symptoms

Pearson r
Correlation
Sig. (2-tailed)
Pearson r
Correlation
Sig. (2-tailed)
Pearson r
Correlation
Sig. (2-tailed)

Productivity- Conceptual- Planning
Strategy
Cluster
-.258
.209
-.091
.128
.253

.222
.124

.597
-.039

.137
.109

.471
.114

.822
.038

.528

.508

.827

N=36

Table 53 Spearman rho correlations between Data Set 1 Factor Scores (Factors
________2) and Psychiatric Symptom measures from the PANSS.
Inhibition
-.138
Negative Symptoms Correlation Coefficient
.423
Sig. (2-tailed)
-.127
Positive Symptoms Correlation Coefficient
.459
Sig. (2-tailed)
-.121
General Symptoms Correlation Coefficient
.483
Sig. (2-tailed)
N = 36
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As is evident from the tables, no significant relationships were revealed.

9.5.3

Correlational Analysis of Factor Scores from Data Set 3 and
PANSS

Pearson Product Moment correlations were calculated between the normally distributed
Factor Scores (Factors 1, 2 and 4) and PANSS. These are shown in Table 54. The
conceptualisation/cluster factor (Factor 3) was not normally distributed. Hence, Spearman
correlations were calculated as shown in Table 55.

Table 54 Pearson Product Moment Correlations between Data Set 3 Factor
Scores (Factors 1,2 and 4) and Psychiatric Symptoms from the
________PANSS.__________________________________________________
Inhibition Productivity- Planning
Strategy
-.355
-.223
-.227
Negative Symptoms Pearson r
Correlation
.034
.191
.182
Sig. (2-tailed)
.014
.187
.159
Positive Symptoms Pearson r
Correlation
.354
.275
.935
Sig. (2-tailed)
.146
-.081
-.225
Pearson
r
General Symptoms
Correlation
.637
.396
.186
Sig. (2-tailed)
N=36

Table 55 Spearman rho correlations between Data Set 3 Factor Scores (Factor
________3) and Psychiatric Symptom measures from the PANSS.________
ConceptualCluster
Spearman's Negative Symptoms Correlation Coefficient
.133
rho
Sig. (2-tailed)
.441
Positive Symptoms Correlation Coefficient
.169
Sig. (2-tailed)
.325
General Symptoms Correlation Coefficient
.359
_________________________ Sig. (2-tailed)_______________ .03l_
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As can be seen, significant correlations were exhibited between the factor score of Factor 1,
which was interpreted as an index of inhibition, and negative symptoms (r = -.355, p =
.034). The relationship was negative suggesting that those subjects with negative
symptoms exhibited the most disinhibition. The variables which loaded on Factor 1 were
the number of false alarms on the Go No-Go task, Stroop Color/Word and TOL minimum
moves.

A significant relationship was also found between Factor Score 3 and general symptoms (rs
= .359, p = .031). Factor 3 was inferred as an index of Conceptual/Clustering ability and
the variables which had the highest loading on this factor were CVLT cluster score and
WCST percent conceptual score. This positive relationship suggests that subjects who had
higher levels of general symptoms were better able to engage in conceptual thinking.

9.5.4

Correlational Analysis of Factor Scores from Data Set 4 and
PANSS

Three Factor Scores were normally distributed, namely Inhibition, Productivity-Strategy
and Conceptualisation/Cluster (Factors 1, 2 and 3). Pearson Product Moment Correlations
were calculated for these Factor Scores to investigate the relationship between these factor
scores and summary measures from the PANSS as shown in Table 56. The remaining
Factor score for Factor 4 (Rigidity) was not normally distributed and Spearman correlations
were calculated as shown in Table 57.
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Table 56 Pearson Product M oment Correlations between Data Set 4 Factor Scores

Negative Symptoms Pearson r
Correlation
Sig. (2-tailed)
Positive Symptoms Pearson r
Correlation
Sig. (2-tailed)
General Symptoms Pearson r
Correlation
Sig. (2-tailed)

Inhibition Productivity- ConceptualStrategy
Cluster
-.067
-.285
.163
.700
-.087

.092
.243

.341
.129

.613
.030

.153
.144

.453
.116

.863

.403

.500

N=37

Table 57 Spearman rho correlations between Data Set 4 Factor Scores (Factor 4)
________ and Psychiatric Symptom measures from the PANSS.________
RigidityCreativity
Spearman'sNegative Symptoms
Correlation
-.164
rho
Coefficient
Sig. (2-tailed)
.339
.132
Correlation
Positive Symptoms
Coefficient
Sig. (2-tailed)
.443
Correlation
-.020
General Symptoms
Coefficient
.908
Sig. (2-tailed)
N=36

There were no significant relationships from this data set. A non-significant trend was
found between Factor Score 2 and negative symptoms (r = -.285, p = .092). Factor 2 was
interpreted as an index of productivity-strategy. RFFT and COWAT had the highest
loadings on this factor. These results suggest a negative relationship between productivitystrategy and subjects with negative symptoms. Hence, this suggests that subjects with a
greater number of negative symptoms were the least productive.
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9.5.5

Correlational Analysis of Factor Scores from Data Set 5 and
PANSS

Factor scores for Factors 1 (Inhibition), 2 (Productivity-Strategy) and 3 (PlanningConceptualisation) were normally distributed and hence Pearson Product Moment
correlations were calculated between the factor scores and summary measures from the
PANSS. These are shown in Table 58. Factor scores for Factor 4 (Rigidity) were not
normally distributed. Therefore, Spearman correlations were calculated as shown in Table
59.

Table 58 Pearson Product Moment Correlations between Data Set 5 Factor
Scores (Factors 1,2 and 3) and Psychiatric Symptom measures from
the PANSS.
Inhibition Productivity- ConceptualStrategy
Cluster
Negative Symptoms Pearson r
-.071
-.322
.149
Correlation
Sig. (2-tailed)
.675
.052
.378
-.101
.232
.133
Positive Symptoms Pearson r
Correlation
.552
.167
.433
Sig. (2-tailed)
.105"
.011
.109
General Symptoms Pearson r
Correlation
.521
.535
.950
Sig. (2-tailed)
N=37

Table 59 Spearman rho correlations between Data Set 5 Factor Scores (Factor
________4) and Psychiatric Symptom measures from the PANSS.________
Creativity-Rigidity
-.229
Spearman's rho Negative Symptoms Correlation
Coefficient
.172
Sig. (2-tailed)
-.085
Positive Symptoms Correlation
Coefficient
.619
Sig. (2-tailed)
-.320
General Symptoms Correlation
Coefficient
.054
Sig. (2-tailed)
N = 37
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A non significant trend was found between the Factor Score 2, which was interpreted as an
index of productivity-strategy, and negative symptoms, as measured by the PANSS (r = .322, p = .052). The relationship was negative suggesting that subjects with negative
symptoms were the least able to be productive, as measured by Factor Score 2. The
variables which had the highest loadings on Factor 2 were RFFT number of designs, and
COWAT.

A non significant trend was also found between Factor Score 4, which was construed as a
creativity/rigidity dimension and general symptoms, as measured by the PANSS (rs = -.320,
p = .054). This relationship was also negative which suggests that those subjects with more
severe general psychiatric symptomatology were the most rigid or the least creative. RFFT
Repetitions was the only variable to load on Factor 4.

9.5.6

Correlational Analysis of Factor Scores from Data Set 7 and
PANSS

Pearsons product-moment correlations were computed to investigate the relationship
between the Factor Scores produced from Data Set 7, where the dependant variables were
based on Levin et al’s (1996) cognitive measures together with WCST cards correct
average cognitive latency, and psychiatric symptoms as measured by the PANSS.

Factor scores for Factors 3 (Productivity-Strategy) were normally distributed and hence
Pearson Product Moment correlations were calculated between the factor scores and
summary measures from the PANSS. These are shown in Table 60. Factor scores for
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Factors 1 (Planning), 2 (Inhibition) and 4 (Conceputal/Cluster) were not normally
distributed. Therefore, Spearman correlations were calculated as shown in Table 61.

Table 60 Pearson Product Moment Correlations between Data Set 7
Factor Score (Factor 3) and Psychiatric Symptom measures
from the PANSS.
ProductivityStrategy
Negative Symptoms Pearson r Correlation
-.259
Sig. (2-tailed)
.122
Positive Symptoms
Pearson r Correlation
.202
Sig. (2-tailed)
.231
General Symptoms
Pearson r Correlation
.153
Sig. (2-tailed)
.367
N=37

Table 61 Spearman rho correlations between Data Set 7 Factor Scores (Factors 1,2 and 4)
________ and Psychiatric Symptom measures from the PANSS.________________________
Planning Inhibition ConceptualProductivity
.115
-.227
-.046
Spearman's rho Negative Symptoms Correlation Coefficient
.787
.499
Sig. (2-tailed)
.176
.132
.081
.231
Positive Symptoms Correlation
Coefficient
.635
.436
.169
Sig. (2-tailed)
.238
.005
.068
General Symptoms Correlation Coefficient
.156
.688
.977
Sig. (2-tailed)
N = 37

No significant correlations were found.

9.6

Five Factor Model of Psychotic Symptoms and Factor
Score Correlations

The PANSS was developed on the assumption that there were two major symptom
syndromes in schizophrenia—positive and negative. However, psychotic symptoms are not
specific to, nor pathognomonic of schizophrenia. As such, the maintenance of a narrow
focus on this disorder may have resulted in a limited view of psychosis and obscured the
relationship between the so-called positive and negative symptoms. Indeed, the sufficiency
of this dichotomy as a model of schizophrenia has been criticized as being an
oversimplification and there is growing evidence supporting a higher-dimensional model of
psychotic symptoms. Numerous studies have suggested that the two-syndrome model is an
inadequate representation of the range of psychotic symptoms as measured by the PANSS
and that a multisyndromal model provides a more valid conceptualization.

Five-factor models have been reported as necessary to account for all the various
psychiatric symptom presentations described by the PANSS. Several studies (e.g. Lancon,
Auquier, Nayt, & Reine, 2000; Lindenmayer, 1995; Lykouras et al., 1999) report fivefactor models of schizophrenic symptoms. These studies retained factors including the
positive and negative syndromes together with a depression/anxiety component, an
excitement factor and a cognitive factor. The Lancon (2000) model was reported as having
good internal consistency and it accounted for 62.1% of the total variance in a group of
chronic schizophrenics. As a consequence, a five-factor model (such as that reported by
Lindenmayer, 1995) was utilized to further examine and elucidate the possible relationship
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between psychotic symptoms and factor scores produced from the neuropsychological
testing.

9.6.1

Correlational Analysis of Factor Scores from Data Set 1 and
Lindenmayer’s (1995) 5 Factor Model of Schizophrenic
Symptoms

Pearsons product-moment correlations were computed to investigate the relationship
between the Factor Scores produced from Data Set 1, where the dependent variables were
based on Levin et al’s (1996) cognitive measures and Lindenmayer’s (1995) five factor
model of schizophrenic symptoms as measured by the PANSS.

Factor scores for Factors 2 (Productivity-Strategy) and 4 (Planning/Conceptualisation) were
normally distributed and hence Pearson Product Moment correlations were calculated
between the factor scores and the five factor model of symptoms from the PANSS. These
are shown in Table 62. Factor scores for Factors 1 (Inhibition) and 3 (Cluster) were not
normally distributed. Therefore, Spearman correlations were calculated as shown in Table
63.
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Table 62 Pearson Product Moment Correlations between Data Set 1 Factor Scores
(Factors 2 and 4) and Five Factor model of PANSS Psychiatric
________Symptoms.__________________________________________
Productivity- PlanningStrategy
Conceptual
Negative Component Pearson r
-.224
.076
Correlation
Sig. (2-tailed)
.654
.183
Excited Component
Pearson r
-.124
.220
Correlation
Sig. (2-tailed)
.190
.466
Cognitive Component Pearson r
-.211
-.148
Correlation
Sig. (2-tailed)
.382
.209
Positive Component Pearson r
.154
.269
Correlation
.364
Sig. (2-tailed)
.107
Depressed Component Pearson r
.175
.316
Correlation
.301
.056
Sig. (2-tailed)
N = 37

Table 63 Spearman rho correlations between Data Set 1 Factor Scores (Factors 1 and
________3) and the Five Factor model of PANSS psychiatric Symptoms._______
Inhibition Cluster
.211
-.107
Spearman's rho Negative Component Correlation Coefficient
.211
.527
Sig. (2-tailed)
.180
.223
Correlation Coefficient
Excited Component
.185
.286
Sig. (2-tailed)
-.158
-.119
Cognitive Component Correlation Coefficient
.481
.350
Sig. (2-tailed)
-.021
-.200
Positive Component Correlation Coefficient
.234
.903
Sig. (2-tailed)
.132
-.144
Depressed Component Correlation Coefficient
.396
.436
Sig. (2-tailed)
N = 37

A non-significant trend was found between the Conceptual-Planning component (Factor 4)
and Depression/Anxiety psychotic symptoms (r = .311, p = .056).
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9.6.2

Correlational Analysis of Factor Scores from Data Set 2 and
Lindenmayer’s (1995) 5 Factor Model of Schizophrenic
Symptoms

Pearsons product-moment correlations were computed to investigate the relationship
between the Factor Scores produced from Data Set 2, where the dependant variables were
based on Levin et al’s (1996) cognitive measures with the addition of the California Verbal
Learning Test Intrusion score, and Lindenmayer’s (1995) five factor model of
schizophrenic symptoms as measured by the PANSS.

Factor scores for Factors 1 (Productivity-Strategy), 3 (Conceptual/Cluster) and 4 (Planning)
were normally distributed and hence Pearson Product Moment correlations were calculated
between the factor scores and the five factor model of symptoms from the PANSS. These
are shown in Table 64. Factor scores for Factor 2 (Inhibition) were not normally
distributed. Therefore, Spearman correlations were calculated as shown in Table 65.

Table 64 Pearson Product Moment Correlations between Data Set 2 Factor Scores
(Factors 1,3 and 4) and Five Factor model of PANSS Psychiatric
_______ Symptoms._______ ___________________________________________
Productivity- Conceptual- Planning
Cluster
Strategy
-.144
.319
-.210
Negative Component Pearson r
Correlation
.395
.054
.212
Sig. (2-tailed)
-.050
.035
.140
Excited Component
Pearson r
Correlation
.768
.838
.409
Sig. (2-tailed)
-.119
-.245
-.155
Cognitive Component Pearson r
Correlation
.484
.144
.359
Sig. (2-tailed)
.013
.135
.306
Positive Component Pearson r
Correlation
.939
.424
.065
Sig. (2-tailed)
.272
.173
.170
Depressed Component Pearson r
Correlation
.306
.104
.313
Sig. (2-tailed)
N = 37
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Table 65 Spearman rho correlations between Data Set 2 Factor Scores (Factor

Spearman's rho Negative Component

Correlation Coefficient
Sig. (2-tailed)
Excited Component
Correlation Coefficient
Sig. (2-tailed)
Cognitive Component Correlation Coefficient
Sig. (2-tailed)
Positive Component Correlation Coefficient
Sig. (2-tailed)
Depressed Component Correlation Coefficient
Sig. (2-tailed)

Inhibition
-.133
.440
.281
.097
-.211
.217
-.062
.720
-.223
.192

N = 37

A non-significant trend was apparent between the factor conceptualized as a ConceputalCluster dimension and negative psychiatric symptoms (r = .319, p = .054). A second non
significant trend was identified between positive psychotic symptoms and the factor score
interpreted as an index of Inhibition (r = .306, p = .065).

9.6.3

Correlational Analysis of Factor Scores from Data Set 3 and
Lindenmayer’s (1995) 5 Factor Model of Schizophrenic
Symptoms

Pearsons product-moment correlations were computed to investigate the relationship
between the Factor Scores produced from Data Set 3, where the dependant variables were
based on Levin et al’s (1996) cognitive measures with the addition of the Stroop Color and
Word test Color/Word score, and Lindenmayer’s (1995) five factor model of schizophrenic
symptoms as measured by the PANSS.

Factor scores for Factors 1 (Inhibition), 2 (Productivity-Strategy) and 4 (Planning) were
normally distributed and hence Pearson Product Moment correlations were calculated
184

between the factor scores and the five factor of symptoms from the PANSS. These are
shown in Table 66. Factor scores for Factor 3 (Conceputal/Cluster) were not normally
distributed. Therefore, Spearman correlations were calculated as shown in Table 67.

Table 66 Pearson Product Moment Correlations between Data Set 3 Factor
Scores (Factors 1,2 and 4) and Five Factor model of PANSS
________Psychiatric Symptoms.____________________________________
Inhibition Productivity- Planning
Strategy
Negative Component Pearson r
-.196
-.216
■
-.169
Correlation
Sig. (2-tailed)
.246
.199
.316
Excited Component
Pearson r
.041
-.283
.240
Correlation
Sig. (2-tailed)
.090
.153
.808
Cognitive Component Pearson r
-.170
-.131
-.322
Correlation
.314
Sig. (2-tailed)
.052
.440
Positive Component Pearson r
.258
.062
.169
Correlation
.316
.122
Sig. (2-tailed)
.713
.162
.082
-.080
Depressed Component Pearson r
Correlation
.337
.628
Sig. (2-tailed)
.639
N = 37

Table 67 Spearman rho correlations between Data Set 3 Factor Scores
(Factor 4) and the Five Factor model of PANSS Psychiatric
Symptoms.
Conceptual'
Cluster
.240
Spearman's rho Negative Component Correlation Coefficient
.158
Sig. (2-tailed)
.048
Correlation Coefficient
Excited Component
.780
Sig. (2-tailed)
.085
Cognitive Component Correlation Coefficient
.620
Sig. (2-tailed)
.168
Correlation
Coefficient
Positive Component
.327
Sig. (2-tailed)
.478
Depressed Component Correlation Coefficient
.003
Sig. (2-tailed)
N = 37

Spearman correlation coefficients between Data Set 3 Factor Scores and the five factor
model of schizophrenic symptoms identified a significant relationship between
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depression/anxiety symptoms and the factor construed as a Conceptual dimension (r, =
.478,/? = .003).

Pearson Product Moment Correlations analysis revealed a non-significant trend between the
factor score interpreted as an index of Planning and disrupted cognition (r = -.322, p =
.052).

9.6.4

Correlational Analysis of Factor Scores from Data Set 4 and
Lindenmayer’s (1995) 5 Factor Model of Schizophrenic
Symptoms

Pearsons product-moment correlations were computed to investigate the relationship
between the Factor Scores produced from Data Set 4, where the dependant variables were
based on Levin et al’s (1996) cognitive measures with the addition of the Stroop Color and
Word Test Interference score, and Lindenmayer’s (1995) five factor model of
schizophrenic symptoms as measured by the PANSS.

Factor scores for Factors 1 (Inhibition), 2 (Productivity-Strategy) and 3
(Conceptual/Cluster) were normally distributed and hence Pearson Product Moment
correlations were calculated between the factor scores and the five factor of symptoms from
the PANSS. These are shown in Table 68. Factor scores for Factor 4 (Rigidity) were not
normally distributed. Therefore, Spearman correlations were calculated as shown in Table
69.

186

Table 68 Pearson Product Moment Correlations between Data Set 4 Factor Scores
_______ (Factors 1,2 and 3) and Five Factor model of PANSS Psychiatric Symptoms.
Inhibition Productivity- ConceputalStrategy
Cluster
Negative Component Pearson r
-.123
-.234
.263
Correlation
Sig. (2-tailed)
.469
.163
.115
Excited Component
Pearson r
.136
.119
-.072
Correlation
Sig. (2-tailed)
.423
.481
.673
Cognitive Component Pearson r
-.166
-.125
-.200
Correlation
Sig. (2-tailed)
.327
.460
.235
Positive Component Pearson r
-.062
.300
.156
Correlation
Sig. (2-tailed)
.716
.071
.356
Depressed Component Pearson r
.056
.213
.333
Correlation
Sig. (2-tailed)
.744
.206
.044
N = 37

Table 69 Spearman rho correlations between Data Set 4 Factor Scores (Factor 4)
________and the Five Factor model of PANSS Psychiatric Symptoms.
Rigidity
Spearman's rho Negative Component Correlation Coefficient
-.145
Sig. (2-tailed)
.398
Excited Component
Correlation Coefficient
-. 192
Sig. (2-tailed)
.261
Cognitive Component Correlation Coefficient
.028
Sig. (2-tailed)
.872
Positive Component
Correlation Coefficient
.198
Sig. (2-tailed)
.247
Depressed Component Correlation Coefficient
-.053
_________________________________ Sig. (2-tailed)_____________.757
N = 37

Pearson Product Moment Correlations between Data Set 4 Factor Scores and the five factor
model of psychiatric symptoms determined a significant relationship between the factor
conceptualized as a Conceputal-Cluster dimension and depression/anxiety psychiatric
symptoms (r = .333, p - .044).
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9.6.5

Correlational Analysis of Factor Scores from Data Set 5 and
Lindenmayer’s (1995) 5 Factor Model of Schizophrenic
Symptoms

Pearsons product-moment correlations were computed to investigate the relationship
between the Factor Scores produced from Data Set 5, where the dependant variables were
based on Levin et al’s (1996) cognitive measures with the addition of the Ruff Figural
Fluency Test Repetitions score, and Lindenmayer’s (1995) five factor model of
schizophrenic symptoms as measured by the PANSS.

Factor scores for Factors 1 (Inhibition), 2 (Productivity-Strategy) and 3
(Conceptual/Cluster) were normally distributed and hence Pearson Product Moment
correlations were calculated between the factor scores and the five factor of symptoms from
the PANSS. These are shown in Table 70. Factor scores for Factor 4 (Rigidity) were not
normally distributed. Therefore, Spearman correlations were calculated as shown in Table
71.

.
Table 70 Pearson Product Moment Correlations between Data Set 5 Factor Scores
________(Factors 1,2 and 3) and Five Factor model of PANSS Psychiatric Symptoms.
Inhibition Productivity- ConceputalStrategy
Cluster
-.121
-.265
.253
Negative Component Pearson r
Correlation
.476
.113
.130
Sig. (2-tailed)
.000
.238
.125
Excited Component
Pearson r
Correlation
1.00
.460
.155
Sig. (2-tailed)
-.164
-.178
-.230
Cognitive Component Pearson r
Correlation
.170
.293
.331
Sig. (2-tailed)
.154
.288
-.068
Positive Component Pearson r
Correlation
.084
.362
.688
Sig. (2-tailed)
.292
.134
.038
Depressed Component Pearson r
Correlation
.079
.430
.822
Sig. (2-tailed)
N = 37
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Table 71 Spearman rho correlations between Data Set 5 Factor Scores (Factor 4)

Spearman's rho Negative Component

Correlation Coefficient
Sig. (2-tailed)
Excited Component
Correlation Coefficient
Sig. (2-tailed)
Cognitive Component Correlation Coefficient
Sig. (2-tailed)
Positive Component Correlation Coefficient
Sig. (2-tailed)
Depressed Component Correlation Coefficient
Sig. (2-tailed)

Rigidity
-.244
.146
.101
.552
-.305
.067
-.055
.745
-.476
.003

N = 37

Spearmans correlation coefficients identified a significant relationship between
depression/anxiety symptoms and the factor conceptualized as an index of
creativity/rigidity (rs= -.476, p = .003). This relationship was negative suggesting that
individuals with depressed/anxious psychiatric symptomatology were the most rigid or the
least creative.

There was a non-significant trend between cognitive symptoms and creativity/rigidity (rs =
-.305, p = .067). The relationship was negative suggesting subjects with disrupted
cognition had difficulty being creative. Concomitantly, performance in those individuals
was rigid.

9.6.6

Correlational Analysis of Factor Scores from Data Set 7 and
Lindenmayer’s (1995) 5 Factor Model of Schizophrenic
Symptoms

Pearsons product-moment correlations were computed to investigate the relationship
between the Factor Scores produced from Data Set 7, where the dependant variables were
based on Levine et al’s (1996) cognitive measures with the addition of the WCST average
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cognitive latency on cards sorted correctly and Lindenmayer’s (1995) five factor model of
schizophrenic symptoms as measured by the PANSS.

Factor scores for Factor 3 (Productivity-Strategy) were normally distributed and hence
Pearson Product Moment correlations were calculated between the factor scores and the
five factor model of symptoms from the PANSS. This is shown in Table 72. Factor scores
for Factors 1 (Planning), 2 (Inhibition) and 4 (Conceptual/Cluster) were not normally
distributed. Therefore, Spearman correlations were calculated as shown in Table 73.

Table 72 Pearson Product Moment Correlations between Data Set 7 Factor
Scores (Factor 3) and Five Factor model of PANSS Psychiatric
________Symptoms._______________________________
ProductivityStrategy
-.217
Negative Component Pearson r
Correlation
.197
Sig. (2-tailed)
.221
Pearson r
Excited Component
Correlation
.189
Sig. (2-tailed)
.
-.149
Cognitive Component Pearson r
Correlation
.378
Sig. (2-tailed)
.262
Positive Component Pearson r
Correlation
.117
Sig. (2-tailed)
.184
Depressed Component Pearson r
Correlation
.276
Sig. (2-tailed)
N = 37
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Table 73 Spearman rho correlations between Data Set 7 Factor Scores (Factors 1,2
________and 4) and the Five Factor model of PANSS Psychiatric Symptoms.______
Planning Inhibition ConceptualCluster
Spearman's rho Negative
Correlation
-.165
.026
.232
Component
Coefficient
Sig. (2-tailed)
.330
.881
.167
Excited
Correlation
-.183
-.309
.091
Component
Coefficient
Sig. (2-tailed)
.279
.062
.590
Cognitive
Correlation
-.172
.085
-.207
Component
Coefficient
Sig. (2-tailed)
.309
.617
.218
Positive
Correlation
.199
.192
.091
Component
Coefficient
Sig. (2-tailed)
.238
.256
.590
Depressed
Correlation
.229
.176
.363
Component
Coefficient
Sig. (2-tailed)
.172
.298
.027
N = 37

Spearmans correlation coefficients revealed a significant relationship between
depression/anxiety symptoms and the factor conceptualized as an index of conceptual
thinking processes-cluster (rs= -.363, p = .027).

A non-significant trend was identified between excited symptoms and the factor construed
as an index of inhibition (rs = -.309, p = .062).

9.6.7

Discussion of Correlation Analyses between Factor Scores
and Symptoms

Correlation analysis of the summary scores produced by the Positive and Negative
Symptom Syndrome Scale with the factor scores revealed only two significant
relationships. Specifically, relationships were found between general symptoms and
conceptualization-cluster which suggested that the ability to conceptualise increased as the
level of general psychiatric symptoms increased. The other relationship between negative
191

symptoms and inhibition suggested that those with high levels of negative symptomatology
were the least able to inhibit responses.

While previous work has suggested that deficits in inhibition of thoughts and actions
underlie disorganization, the results are equivocal. For example, one study hypothesized
that psychomotor poverty and disorganization would predict reduced cognitive competency
which refers to the integrity of cognitive skills considered important for independent
functioning. Initiation capacity was found to affect cognitive competency directly, while
only one indicator of disinhibition was found to predict the disorganization syndrome.
However, other factors such as insight were found to also affect disorganization and
disorganization itself mediated the impact of the disinhibition measure on cognitive
competency (Christensen, 1999).

A number of significant relationships and non-significant trends were found when the
higher dimensional model of psychopathology was employed. Specifically, relationships
were identified between anxious-depressive symptoms, and particularly, the
Conceptual/Cluster factor. All relationships were positive suggesting that schizophrenic
individuals with higher levels of depression and anxiety tend to be able to conceptualise
and cluster, or organize, output.

Although this was a fairly consistent finding, this result was not replicated on all data sets.
Moreover, this result does not make conceptual sense and is inconsistent with research
(Fossati, Amar, Raoux, Ergis, & Allilaire, 1999) that reports people suffering from
depression experience deficits in higher level executive functions, including complex
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integration for concept formation. Similarly, discriminant function analysis was utilized to
determine if the psychotic symptoms of affective disorders, schizophrenia and
schizoaffective disorder occur on a continuum. The results, in part, revealed that negative
symptoms were negatively related to a drive component. This suggests that those with the
most negative symptoms were the least motivated (Fleck, Corey, & Strakowski, 2001).
Therefore, this result should be viewed cautiously and no clear conclusion can be drawn.

In general, with the large number of correlations performed (and the relatively small sample
size of this study) it is more than likely that a few relationships would appear as significant
(a Type 1 error). It is therefore probable that these relationships are spurious and indeed if
a more stringent level of significance were applied, there would have been no significant
correlations nor trends toward any relationship between cognitive constructs measured in
this study and the various symptom clusters of schizophrenia.

9.7

Correlations between Factor Scores and
Chlorpromazine Equivalents

The various psychotropic medications taken by the individuals in the group with
schizophrenia were converted to chlorpromazine equivalents using the Lundbeck Utility for
Neuroleptic Dose Conversion (Lambert, 1998). Pearsons product-moment correlations
were then computed to investigate the relationship between the Factor Scores produced
from Data Set 1, where the dependant variables were based on Levin et al’s (1996)
cognitive measures and chlorpromazine equivalents. Results are presented in Table 74.
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Table 74 Spearmans rho corrélations between Factor Scores and Chlorpromazine
équivalents.

CPZ

Factor 1
Factor 2
Factor 3
Factor 4
Inhibition Productivity- Cluster
PlanningConceptual
Strategy
Correlation
-.064
.043
.078
-.287
Coefficient
.802
.089
.709
.650
Sig. (2
tailed)

As can be seen, there were no significant correlations, which indicates that psychiatric
medication did not account for the cognitive impairments observed in the clinical group.
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10 Summary of Results
Correlation analysis between demographic variables and neurocognitive measures revealed
a number of correlations. It is doubtful, however, that the results of the group comparisons
would be confounded by these relationships. A large number of variables were examined
and relationships were found on only a small percentage. There were no consistent
relationships; in some instances, the relationships were contrary to what was expected and
the literature did not support many of the observed relationships. Further, the cumulative
literature suggests that the neuropsychological impairments associated with schizophrenia
are robust and of a larger extent than impairments that may be associated with demographic
factors. Hence, the correlations that were found are likely to be unstable and weak.

Comparative analysis of executive functioning data from the control group and group with
schizophrenia revealed significantly impaired neuropsychological functioning in the
clinical group. Indeed, dysfunction was evident on 53 of the 57 indices examined.
Statistically inferior performance was observed on all WCST measures. They were
significantly less able to solve problems on the TOL and they were less able to inhibit
responses on Go No-Go. On the RFFT and COWAT the group with schizophrenia
demonstrated impaired design and verbal fluency, compared to controls. On every
condition of the Stroop Color-Word Test the group with schizophrenia completed
significantly fewer items. They were less able to utilize categorical cues to facilitate
learning, consequently, both learning and recall on the CVLT were impaired. Extended
latencies were exhibited on all timed tests, including the TMT test, WCST and TOL.
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The application of principal components analysis to the neuropsychological data from tests
representative of executive functioning revealed four factor solutions for both the control
and clinical group. Inhibition and Productivity-strategy factors were common to both
groups. Equally, dimensions representing conceptualisation and planning were identified in
both groups. However, they were separate factors in the clinical group. The only unique
factor was in the group with schizophrenia which was a clustering factor. These structures
share similarity with those identified by Levin and colleagues (1996) in a sample of head
injured children.

The major difference between the two groups in this study was that certain TOL indices
moved between the factors in the schizophrenia group relative to the control group. Further
analysis to elucidate the neuropsychological operations potentially underlying these
measures suggested that the group with schizophrenia were experiencing volitional deficits.
This hypothesis will be explored in full in the following chapters.

No consistent findings were revealed from the correlation analysis of the summary scores
produced by the Positive and Negative Symptom Syndrome Scale and the factor scores. A
number of significant relationships and non-significant trends were found when the higher
dimensional model of psychopathology was employed. This result was not replicated on
all data sets, however, and the relationships identified did not make conceptual sense and
were inconsistent with research (Fossati et al., 1999). In general, the large number of
correlations performed (and the relatively small sample size of this study) suggests that
these relationships may have been Type 1 errors.
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The following chapters will discuss in detail the results of this study and the hypotheses
which emanate from this work as well as directions for future research.
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11 Discussion
In comparison to the normal population, people with schizophrenia classically display
neuropsychological deficits, especially where there is treatment-refractoriness and long
disease duration. Dysexecutive impairments are particularly well documented and are
typically greater than those observed in patients with frontal lobe lesions (JohnsonSelfridge & Zalewski, 2001; Pantelis et al., 1997). Executive functioning is a global term
and refers to a wide range of skills including the ability to anticipate, pre-plan, select,
monitor and use feedback. Essentially, it refers to self-determining, self-regulatory
processes which are responsible for organization of behaviour and novel or compound
problem solving. Lezak (1995) argues that intact executive functioning is vital for
proficient performance in a complex world, thereby allowing the individual to operate
independently and perform goal directed, self-serving behaviours.

This study compared the neurocognitive performances of 51 individuals diagnosed with
schizophrenia or schizoaffective disorder with 60 normal control participants on a
number of tests purported to be sensitive to executive and frontal lobe functioning. It was
predicted that individuals with schizophrenia would exhibit impaired functioning
compared to controls. This hypothesis was supported; the group with schizophrenia
demonstrated significantly poorer performance than normal controls on 53 of the 57
neuropsychological indices investigated. In order to control for the potentially
confounding effects of age and IQ, sub-groups from the clinical and control samples were
matched on these variables and further comparative analyses were performed on the
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neurocognitive test results. The results paralleled the unmatched sample results. That is,
the performance of the matched sub-sample with schizophrenia was significantly poorer
than that of the normal control sub-sample.

The data from seven neuropsychological measures derived from the group with
schizophrenia and the normal control group were submitted to principal components
analysis followed by orthogonal rotation. The intent was to extract robust and dissociable
constructs from the multiple measures representative of executive functioning with the
aim of further clarifying and elucidating the underlying cognitive constructs in both
samples. Concomitantly, this analysis aimed to determine and test the stability of
components derived by Levin and colleagues (1996) in brain-injured and normal
children. Five underlying factors representative of executive functioning were identified
in that study—Conceptual-Productivity; Planning; use of Schemas; Semantic Clustering;
and Inhibition. Accordingly, this study employed similar dependent variables for the
initial factor analysis.

Four factor solutions were retained in both groups. Within the group with schizophrenia
the factors identified were interpreted to represent dimensions of Inhibition, ProductivityStrategy, Clustering and Planning-Conceptualisation. The four factors that emerged from
the control group data were conceptualized as Productivity-Strategy, Inhibition,
Conceptualisation and Planning. While several factors were similar the structures
obtained from the group with schizophrenia were different. The main difference was that
the TOL indices moved between the factors in the group with schizophrenia, relative to
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the normal control group. As various measures from the TOL have been reported to be
sensitive to certain executive functioning components it was postulated that the TOL
provided discrete measurement characteristics in schizophrenia. Therefore, in order to
explore this and clarify the initial cognitive constructs being measured in the
schizophrenia and control samples, other executive functioning indices representative of
planning, inhibition, creativity and anergia were added to the principal components
analysis. Four factor solutions were identified in every instance. Within the normal
control group data this investigation would elucidate the relative stability of the initial
solution.

This study then investigated the relationship between the factor structure derived from the
neuropsychological data and psychopathological profiles. Individuals with schizophrenia
were clinically rated with the Positive and Negative Syndrome Scale (PANSS) (Kay et
al., 1987). The correlations between the summary scores (positive, negative and general
symptoms) and tests results were examined. Additionally, the relationships between the
five-factor model of psychiatric symptoms, derived from the PANSS (namely, positive
and negative syndromes, depression/anxiety, excitement and cognition) and the factor
scores produced from the neuropsychological test data, were also assessed.

This discussion will examine the differences in neuropsychological performance between
the normal control group and the group with schizophrenia. The factor structures derived
from principal components analysis for both groups will then be explored. The factor
structures identified in this study will then be compared to those documented by Levin
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and colleagues (1996). Dependent variables representative of volitional behaviour,
namely inhibition and filtering, were added to both the schizophrenia and control group
factor analyses. The impact of these additional variables on the factor structure in each
group will be discussed. The results of the correlation analysis between factor scores,
derived from the factor analysis on the data from the group with schizophrenia, and
PANSS summary scores will then be explored. The results from the correlation analysis
of the factor scores within the group with schizophrenia and a five-factor model of
schizophrenic symptoms will be investigated before a section on the effects of
psychotropic drugs. This discussion will conclude with a overall synthesis and
recommendations for future research.

11.1

Comparison of neuropsychological functioning
between the schizophrenia group and normal
control group.

The neuropsychological dysfunction observed in this sample with schizophrenia, relative
to the normative sample, is consistent with a vast body of literature. As will be
discussed, the clinical patients were significantly impaired, relative to control cohorts, on
all neuro-cognitive measures, with the exception of four measures.

11.1.1

Ruff Figural Fluency Test (RFFT)

On the RFFT the group with schizophrenia (including the sub-sample matched on age
and IQ) produced fewer unique designs suggesting an impaired ability to be productive
relative to the controls. Indeed, the performance of 70 percent of the sample with
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schizophrenia fell one or more standard deviations below that of the normal control
group. The clinical group also repeated patterns more often. This suggests that they
approached the task in a rigid manner and were less able to employ a flexible, creative or
strategic approach to the task. While the normal control group rotated more designs, this
difference was not statistically significant. The poor performance by the group with
schizophrenia on the RFFT indices is consistent with frontal lobe damage as tests of
visual design fluency are reputedly sensitive indicators of brain dysfunction and have
been associated with frontal lobe damage.

11.1.2

California Verbal Learning Test (CVLT)

On all indices of learning the group with schizophrenia, (including the sub-sample
matched on age and IQ), exhibited significantly poorer performance than the normal
control group. Free and cued recall was inferior within the group with schizophrenia
over both short and long delays. Moreover, they were significantly less able to utilize
learning strategies. Specifically, as a group, the individuals with schizophrenia were less
able than the normal controls to re-organise the word-lists according to categorical cues
to facilitate learning, as indicated by the clustering score. Indeed, the performance of 75
percent of the sample fell one or more standard deviations below the normal control
group on this measure. Inferior recognition performance was also observed in the group
with schizophrenia. Impaired performance on both recognition and recall suggests that
deep encoding may have been deficient, relative to controls (Lezak, 1995; Lyons et al.,
1995). This hypothesis is strengthened by the fact that the group with schizophrenia
exhibited reduced semantic processing as evidenced by inferior clustering scores.
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While processing speed was not directly measured during the CVLT task, overall the
clinical group exhibited significantly longer response times on all timed tasks. This is
suggestive of slower processing speeds. It may be that deficits in processing speed of
CVLT stimuli may have had a deleterious effect on performance, independent of, or in
addition to, impaired memory performance. The literature in this area is equivocal,
however. Poor processing speed has been associated with impaired global memory
performance and deficient encoding at both deep and superficial levels in some studies
(Brebion et al., 2000). Yet other studies report mnemonic impairments independent of
processing speed. For example, on a long-term memory task the performance of
schizophrenic subjects classified as either slow or fast readers was significantly worse
than a group of age and education matched controls. Importantly, the level of impairment
between the two schizophrenic groups was comparable. It was concluded that slowness
was not responsible for the long-term memory impairment exhibited in the schizophrenic
group (Salame, 2000).

Despite repeated demonstration of memory deficits, particularly verbal memory in
schizophrenia, the nature and process of these deficits remains unclear. Indeed, despite
the overall inferior performance of this sample with schizophrenia there was no
difference between groups on recall errors. That is, intrusion and perseveration errors
were statistically equivalent between the groups.
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There are divergent findings from studies regarding error indices between schizophrenic
subjects and other groups. For example, increased errors (i.e. intrusion errors) relative to
normal controls have been reported in some studies (Hazlett et al., 2000), while others
report similar numbers and types of recall errors (free and intrusion errors) (Kareken et
al., 1996).

In addition to poor processing speed, accelerated forgetting may have been a factor in the
equal error indices. While some studies describe a lack of rapid forgetting, (Paulsen et
al., 1995) others have controlled for initial learning levels and still report faster forgetting
rates of both verbal and nonverbal information in individuals with schizophrenia relative
to controls (Willson, 1997). However, it is important to note that the CVLT was reported
as not being sensitive to rapid forgetting

If initial learning had been controlled for in this study, a difference in error rates may
have been observed beyond accelerated forgetting. It may be that the lack of difference
merely reflects the overall poor memory performance of the schizophrenia subjects. That
is, either singularly or in some interactive combination, factors such as reduced semantic
processing, deficient processing speed, increased forgetting or reduced encoding
contributed to less learning which made a reduced amount of information available not
only for recall but also for errors. It may be that equivalent error rates between the two
groups merely reflect poor/apathetic performance within the group with schizophrenia.
Alternatively, it may indicate that the controls were susceptible to general performance
factors, such as amotivation and uncooperativeness.
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Evaluating the mean number of errors within the groups to the normative data provided in
the manual for the CVLT (Delis et al., 1987) may clarify the matter. Comparing the
mean number of perseveration errors within each group to the CVLT norms indicates that
both groups fell one standard score below normal. In other words both groups made
fewer perseveration errors than equivalent norms. Contrasting the combined intrusion
scores to the CVLT manual reveals that the performance of the group with schizophrenia
fell one to two standard scores above normal while control group performance was
normal. In sum, both groups made fewer perseverative errors than normal and the
schizophrenia group made more intrusion errors than expected. A priori, this discounts
the hypothesis that control group performance was affected by amotivation. Rather, it
suggests that the schizophrenia group had difficulty discriminating target stimuli from
irrelevant material, which may reflect poor apathetic performance generally with above
normal intrusions.

It is important to note, however that this is a rather gross indicator, fraught with
methodological problems (e.g. the CVLT manual presents separate norms for males and
females across various age groups whereas male and female data within each group were
pooled together in this study). Mean group performance was compared to the male age
group of 17-34 as the mean age of each group fell here and the sample was predominately
male. Another methodological issue is that intrusion scores were combined in this study
for data analysis, whereas the manual presents separate intrusion scores for free and cuedrecall.

205

11.1.3

Go No-Go

The percentage of correct “hits” on the Go No-Go task was significantly less in the
schizophrenia group (and in the sub-sample matched to the healthy controls on age and
IQ). Equally, the number of stimuli which required a response but were “missed” was
statistically greater in the group with schizophrenia. They also demonstrated
significantly poorer performance on stimuli which required responses to be withheld (NoGo stimuli). Consequently the number of false alarms was significantly greater in the SZ
group and the performance of 58 percent of the sample fell one or more standard
deviations below that of the control group. The group with schizophrenia also took
significantly longer to react to stimuli than the normal cohorts. Together these results
suggest that the process of volitional inhibitory control is impaired in the clinical group.
As a consequence they may be less able to adapt to altering milieus, have little control
over and experience difficultly in coordinating the processes involved in task completion.
These results are consistent with impairment in the prefrontal cortex which is reportedly
activated during response inhibition functioning (Brass et al., 2001; Konishi et al., 1999;
Konishi et al., 1998; Liddle et al., 2001).

11.1.4

The Trail Making Test (TMT)

The group with schizophrenia exhibited deviant neuropsychological performance relative
to controls on both components of the Trail Making Test, which is consistent with the
literature (e.g. Laurent et al., 2000; McGrath, et al., 1997). These deficits were also found
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in the sub-sample matched to the healthy controls on age and IQ. The performance of 73
percent of the group on the TMT Part A fell one or more standard deviations below the
mean performance of the controls. Equally, the performance of 61 percent of the group
with schizophrenia fell two or more standard deviations below the mean performance of
the normal controls on TMT Part B and 21 percent fell between one and two standard
deviations. This suggests that the group with schizophrenia had poorer speed and agility,
were less able to sustain attention, and may have been prone to perseveration during this
directed visual scanning task. Their level of conceptual understanding was impaired
relative to controls as they were less able to follow and switch sequences mentally. This
may suggest that an inflexible approach to shifting was employed during this task by the
clinical group.

11.1.5

Controlled Oral Word Association Test (COWAT)

The normal control sample (and sub-sample who were matched on age and IQ) exhibited
superior performance on COWAT, producing significantly more words. The number of
words produced by 47 percent of the group with schizophrenia resulted in performance
which fell one or more standard deviations below the mean control group performance.
Again, these results are consistent with the literature (e.g. Banaschewski et al., 2000;
Brekke et al., 1997; Colquhoun, 1996; Crowe, 1996; Joyce et al., 1996; Laurent et al.,
2000) and provide further confirmation of frontal lobe damage in the group with
schizophrenia.
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11.1.6

The Stroop Color and Word Test

Performance by the group with schizophrenia and the sub-sample who were matched on
age and IQ) was significantly inferior to that of the controls on all the Stroop indices
which is consistent with the literature (e.g. Albus et al., 1996; Barch & Carter, 1998;
Barch et al., 1999; Baxter & Liddle, 1998; Boucart et al., 1999; Everett & Laplante,
1991; Finkelstein, 1999; Hepp et al., 1996; Johnson-Selfridge, 1998). Specifically, they
completed fewer items on the Word trial, with the performance of 63 percent falling one
or more standard deviations below mean control performance. Poorer colour naming was
also evidenced by the performance of 79 percent of the clinical group falling one or more
standard deviations below mean control performance on the Color trial. Color/word
performance was also inferior with 78 percent of the group with schizophrenia falling one
or more standard deviations below mean control group performance. Similarly, the
clinical group exhibited significantly poorer resistance to interference with 52 percent of
the group falling one or more standard deviations below mean normal control group
functioning.

These results suggest that the group with schizophrenia exhibited cognitive inflexibility;
they approached the task in a rigid manner and employed minimal creativity. Moreover,
they were prone to distractibility, which suggests that they were impaired in their ability
to inhibit prepotent responses.
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11.1.7

Tower of London (TOL)

The impaired performance by the group with schizophrenia (and the matched sub
sample) on the vast majority of the TOL measures is consistent with the literature (e.g.
Carlin et al., 2000; Keefe et al., 1997; Kim, 2001; Langdon et al., 2001; Pantelis et al.,
1997; Phillips et al., 1999). Overall, the group with schizophrenia attained fewer perfect
solutions relative to the controls, as measured by the percentage of problems solved
within the optimum number of moves on the Tower of London test. This difference was
exhibited over levels three and four of the test. Consequently, they required and took
more moves to achieve solution, or predetermined goals and made more excess moves on
these levels. However, there was no difference between the groups on these indices on
level five. Despite this, the performance of a total of 37 percent of the group with
schizophrenia fell one or more standard deviations below the normal controls on the
number of moves made on level 5. Equally, the performance of 38 percent of the group
with schizophrenia fell one or more standard deviations below the mean control
functioning on excess moves on level 5.

The group with schizophrenia exhibited significantly delayed solutions as measured by
the extended response latencies on all levels of the test. Specifically, substantial
percentages (up to 63 percent) of the clinical group took significantly longer to pick-up
beads, took longer to complete each individual trial and concomitantly took longer
overall to complete each level of the TOL.
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These results suggest that the group with schizophrenia were significantly impaired in the
ability to engage in efficient forward planning. Moreover, the central executive processes
within the schizophrenia group were impaired relative to the control cohorts.
Specifically, they were less able to realize the end-goal arrangement which suggests that
they were impaired in the ability to establish possible moves through mentally
transforming and manipulating bead positions, while simultaneously maintaining task
constraints. At the same time, they were less able to inhibit or withhold incorrect
responses, as exhibited by excess moves, which suggests a lack of inhibitory processes
(Levin et al., 1996).

Again, these results corroborate that the group with schizophrenia have frontal lobe
impairment as the Tower of London (TOL) test has also been shown to be sensitive to
frontal lobe impairment (Bartók, 1995; Humes et al., 1997).

The similar performance between the groups on level five of the TOL (number of moves
made and excess moves) was an unexpected finding. Level five is the most complex
level and as such requires more moves to solution and concomitantly demands the
formulation of more sub-goals. Mental preplanning has been identified as critical to
proficient performance. Yet, recent research has indicated that there is a limit to the
number of moves that can be effectively pre-planned mentally (Phillips et al., 2001).
Phillips and colleagues (2001) administered the TOL to a normal population and reported
that most individuals could only accurately preplan up to two sub-goals ahead.
Moreover, specific instructions to make full mental plans did not facilitate improved
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performance in terms of quicker performance or more accurate solutions. It is possible
therefore, that the lack of difference between the normal control group and the group with
schizophrenia on the number of moves made and excess moves reflects this more general
inability to make mental plans for more than two sub-goals. Thus, the lack of difference
between the groups on Level 5 would be expected.

Methodological issues may have also been a factor in the similar performances on Level
5. That is, this study administered a version of the TOL where participants could
continue moving beads until solution was attained without time restrictions. Other
versions of TOL allow a limited number of moves for solution to be attained, and if
solution is not achieved the trial is scored as a failure. Thus, participants in this study
could continue moving beads until solution was achieved and this may have contributed
to the lack of difference on Level 5. The latency measures, such as total time taken at
each level and average total time, in the clinical group are, in most instances, twice as
long as the control group. The range also indicates that a proportion of the clinical group
was making a large number of excess moves (Level 1, 0-25 in the schizophrenia group
versus 0-17 in the control group, Level 2, 0-20 in the clinical group versus 0-6 and Level
5, 0-18 in the schizophrenia group versus 0-7, see Table 38). Together, this indicates the
difficulty that the clinical group was experiencing with the task.

Alternatively, the lack of difference between the two groups on Level 5 problems may
indicate that the controls were vulnerable to general performance factors, such as
amotivation and uncooperativeness. Indeed, extrinsic motivation has been reported as
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effecting performance during working memory tasks in a sample of university students.
Essentially, performance improved significantly when a monetary reward was offered
prior to task performance (Gomez Velazquez, Gumaa Diaz, Gonzalez Garrido, &
Santiago Perez, 1999). It seems unlikely that this lack of difference reflects the
heterogeneity of functioning characteristic of schizophrenia considering the level of
neuropsychological impairment observed in this group with schizophrenia. It is also
interesting to note that despite similar performances on level five the group with
schizophrenia took a significantly longer amount of time to attain solution on this level,
as on all levels of the test.

11.1.8

Wisconsin Card Sorting Test (WCST)

The performance of the group with schizophrenia (and the matched sub-sample) and was
significantly poorer than the normal control group on all WCST indices which is
consistent with a vast body of literature (e.g. (Axelrod et al., 1994; Corrigan et al., 1996;
Goldman et al., 1991; Metz et al., 1994; Morice & Delahunty, 1996; Saoud et al., 2000;
Seidman et al., 1994). The clinical group achieved fewer categories with 71 percent of
the sample exhibiting performance one or more standard deviations below mean control
performance. They also exhibited more perseverative errors and the performance of 81
percent of the sample fell one or more standard deviations below mean normal control
performance on percent conceptual score, indicating significantly poorer functioning.
Fewer correct sorts, more errors and longer response latencies were also observed within
the schizophrenia group.
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These results suggest that the clinical group exhibited impaired ability to generate and
shift cognitive set. It would seem that approached each trial of the task in the same, or
very similar manner, suggesting a rigid, inflexible approach. In essence, the group with
schizophrenia was impaired in the ability to profit from environmental feedback and
abstract information—they were less able to deduce the rules and they had difficulty
conceptualizing or comprehending the task requirements. These results are again
consistent with the hypothesis of frontal lobe dysfunction in schizophrenia.

11.2

Frontal Dysfunction

This study is consistent with a large body of literature which documents impairment in
frontally mediated tasks. Indeed, the fundamental deficit in executive functioning and
working memory in schizophrenia has been related to dysfunction of the frontal lobes, or
frontal lobe connections. Neuroimaging studies, such as those which use functional
magnetic resonance imaging (fMRI) and positron emission tomography (PET) scans
which measure regional cerebral blood flow, localize activation to the frontal lobes. In
particular, the lateral prefrontal cortices (LPFC) and the parietal cortices (PC) are
implicated in normal adults during working memory tasks, such as the Tower of London
(Baker et al., 1996; Perlstein et al., 2001; Rowe, Owen, Johnsrude, & Passingham, 2001;
Welsh, Satterlee-Cartmell, & Stine, 1999). Moreover, as task difficulty increases there is
an associated increase in the volume of activated cerebral tissue in the frontal lobes of
normal subjects (Kusak, Grune, Hagendorf, & Metz, 2000; P. Ross, 2000; Speck et al.,
2000).
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Thus, there is wide consensus that the prefrontal cortex plays a crucial role during
working memory tasks. However, two opposing theories are apparent from the literature.
One theory posits that the lateral frontal cortex has a domain specific role while the
dorsolateral region supports spatial tasks and the ventrolateral cortical region supports
non-spatial tasks. Alternatively, it has been suggested that the lateral frontal cortex has a
process specific role with dorsal regions recruited whenever active manipulation or
monitoring of information is required (Curtis, Zald, & Pardo, 2000). Yet, neuroimaging
studies reveal a distributed network of cerebral responses during tasks which place
demands on the central executive component of working memory, rather than a specific
and unique locus (Garavan, Ross, Li, & Stein, 2000; Smith, 2000). Moreover, similar
prefrontal cortex activation occurs during both dual-task and component tasks, suggesting
that executive function is inseparable both anatomically and functionally from complex
component task processing (Adcock, 2000).

Notwithstanding this controversy, normal subjects are purported to exhibit increased
activation of the frontal and parietal lobes during working memory tasks. Schizophrenic
subjects, on the other hand, show significantly reduced frontal activation and minimal
activity in the parietal lobes (Hugdahl et al., 2000). This hypoactivation has been
observed in the dorsolateral prefrontal cortex (DLPFC) during short-term maintenance of
spatial information in subjects with schizophrenia, together with reduced covariation of
activation between this area and parietal regions. Specifically, fMRI evaluations in adults
with schizophrenia reveal reduced activation of these regions during a spatial working
memory task compared to controls (Glahn, 2000).
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In sum, the performance of the clinical group is highly consistent with frontal lobe
dysfunction. All neurocognitive indices were selected because of their documented
sensitivity to the functioning of this region of the brain. Indeed, given the level and
extent of impairment observed, it suggests that the frontal lobes of this clinical sample
were severely affected by the disease process.

11.3

Long response latencies due to Sensorimotor
impairments?

The longer solution time latencies observed in the schizophrenia group are consistent
with research which reports extended latencies in patients with documented frontal lobe
brain damage and executive functioning impairment (Carlin et al., 2000). It is possible
that the significantly longer reaction times observed in the group with schizophrenia on
the timed tests (TOL, WCST and Go No-Go) were due to sensorimotor deficits. Pantelis
and colleagues (1997) reported significantly longer movement latencies on a
computerized TOL task in a group of patients with chronic schizophrenia compared to a
group of normal controls and patients with neurological disorders, matched on IQ, gender
and age. The slower times were interpreted as evidence of sensorimotor difficulties.

Yet Morris (1995), reported that despite making initial adjustments for slower responses
and longer latencies to solution, their sample of people with schizophrenia exhibited
inaccurate planning (characterised by more moves), compared to a group of healthy
controls on a computerized TOL task. Morris postulated that deficits in problem solving
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reflected difficulty in translating willed intention into action, independent of slower
motor speed. Similarly, in another study slow performance was controlled for in a
visually presented delayed free recall task (Salame, 2000). Slow and fast readers were
categorized and matched on age and education to normal cohorts. While functioning of
the schizophrenia patients was impaired compared to controls, there was no difference
between slow and fast readers on long-term memory. It was concluded that patients’
slowness did not account for the deficits exhibited.

Given the vast amount of literature reporting neuropsychological impairments in
schizophrenia (e.g. Dickerson et al., 1996; Evans et al., 1997; Goldstein et al., 1996; Gur
et al., 1997; Heinrichs & Zakzanis, 1998; Horowitz, 2001; Lysaker et al., 2001; Morice &
Delahunty, 1996; Nathaniel-James et al., 1996; Palmer et al., 1997; Parellada et al., 2000;
Sartory et al., 2001; Saykin et al., 1994; Serper & Harvey, 1994; Stratta et al., 1998;
Strauss, 1993; Suhr, 1997; Sullivan et al., 1994) particularly those which control for
response latencies, it seems unlikely that the dysfunction observed in this study would be
attributed solely to long response latencies or sensorimotor deficits.

11.4

Summary of Group Comparisons

This research is consistent with the large body of literature which reports neurocognitive
impairment in schizophrenia during frontally mediated tasks. Indeed, the fundamental
deficit in executive functioning and working memory in schizophrenia has been related to
dysfunction of the frontal lobes, or frontal lobe connections. The clinical group in this
study exhibited frontal lobe dysfunction as evidenced by impairment on the vast majority
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of the indices examined in this study. Parallel neurocognitive deficits were observed in
the sub-sample from the clinical group who were matched on age and IQ to a sub-sample
from the normal controls.

Performance on all Stroop Color and Word Test and Wisconsin Card Sorting Test indices
were impaired relative to controls. Functioning on the California Verbal Learning Test
revealed impaired learning and suggested that deep encoding may have been deficient,
relative to controls (Lezak, 1995; Lyons et al., 1995). The group with schizophrenia
exhibited overall impaired performance on the Tower of London. Performance was also
significantly poorer on all Go No-Go indices, including the number of false alarms. On
the Ruff Figural Fluency Test the clinical group produced fewer unique designs and
repeated patterns more often than the control group. The number of rotated designs was
similar between the groups. Trails A and B performance was impaired relative to
controls and Controlled Oral Word Association Test performance was inferior.

Longer solution and response times were observed in the group with schizophrenia. This
is consistent with the literature that reports extended latencies in schizophrenia patients
(Carlin et al., 2000). This, in all probability, reflects insufficient processing resources
(Seidman et al., 1998), slow information processing (Lieb, Merklin, Rieth, Schuettler, &
et al., 1994) and reduced thinking efficiency typical of schizophrenia.

Test results indicate that, relative to controls, the clinical group had difficulty
conceptualizing or comprehending task requirements. Tests were approached in a rigid
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manner and the ability to abstract information and follow sequences was impaired, as was
the ability to shift sets or sequences. Consequently, the group with schizophrenia was
less able to employ a flexible, imaginative or tactical approach to tasks. Conceptual
understanding was impaired, as was volitional inhibitory control. Speed and agility were
also poor. Distractibility was evident which implies the clinical group was less able to
sustain attention. Forward planning was deficient and they were less able to realize end
goals. In essence, the group with schizophrenia was impaired on a range of executive
functioning skills. As a consequence they may be less able to adapt to altering
environments, or have difficultly coordinating processes involved in task completion.

Given the high proportion of individuals with schizophrenia who have comorbid
substance use disorders (Fowler et al., 1998; Jablensky et al., 2000) and the potential for
such substance use to affect executive functioning, future studies should obtain detailed
substance use histories to more thoroughly assess its impact on these skills.
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12 The factor structures of schizophrenia and
normal groups
Factor analysis was conducted to collapse responses to the indices into several
components representative of executive functioning. At the same time, Levin and
colleagues (1996), recently dissociated the various aspects of executive functioning as
measured by various neuropsychological tests putatively sensitive to frontal lobe damage
in a group of brain-injured and normal children. Five underlying factors were identified
in the Levin study—Conceptual-Productivity; Planning; use of Schemas; Semantic
Clustering; and Inhibition. In order to examine the stability of this structure and to
further elucidate the underlying cognitive constructs, this study employed similar
dependent variables for the initial factor analysis. The preliminary cognitive constructs
being measured in the control sample and the group with schizophrenia, were further
explored and clarified by additional factor analyses where certain measures were
manipulated.

Four factors were identified in each group. A Productivity-Strategy construct was
identified in the control group data. The number of designs on Ruff Figural Fluency Test
(RFFT) and the number of words generated in the Controlled Oral Word Association Test
(COWAT), and the percentage of problems solved within the minimum number of moves
in the Tower of London (TOL), loaded on this factor. Successful performance on these
tests can be facilitated by the utilization of a tactic which can have a direct influence on
productivity. For example, output on the COWAT can be enhanced and organized by
varying the themes, or sounds, or by clustering meaningfully related words (for example,
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sound variations: fly, flew, flu, flux, flip, flounder, flop). Similarly, RFFT performance
can be facilitated by systematically varying the design. Successfully solving the TOL
puzzles within the minimum number of moves requires that moves be organized into sub
goal components prior to solution being attained. As such, this measure requires a
planned and tactical response to ultimately support optimal performance.

A Productivity-Strategy factor was also identified in the group with schizophrenia. As
occurred in the control group, RFFT and COW AT represented this dimension, however
in the schizophrenia group, the TOL measure did not share variability with these
measures. Instead, this TOL measure loaded negatively with the Go No-Go percentage
of false alarms. While this factor was conceptualized as a strategizing component, the
quantity of output produced by the clinical group indicates that relative to the control
group, the use of tactics was minimal, ineffective or less efficient.

In the control group Go No-Go percentage of false alarms, was the sole item loading on a
factor. This construct was interpreted as Inhibition. Go No-Go is traditionally
considered an indication of the ability to inhibit responses. Successful performance on
the TOL demands that certain actions be inhibited, or prevented from intruding upon an
upcoming action (Roberts & Pennington, 1996)..The results suggest that the group with
schizophrenia moved and placed beads in an ad hoc manner until solution was attained,
seemingly without inhibiting prepotent responses. By contrast, it would seem that the
control group were superior at inhibiting prepotent responses. This may have been due to
a number of factors, such as adequate resources being available to working memory; task
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demands may not have been particularly taxing; the competing demand between response
alternatives (i.e. the correct response and the prepotent response) may have been too
weak to elicit interference; or some combination of these factors. Equally, the loading of
TOL minimum moves on Organization-Strategy within the control group may reflect that
cognitive resources were available to facilitate the use of strategies and the organization
of stimuli.

Conceptual-Planning factors were identified in both groups, albeit differentially
configured. In the control group separate Conceptual and Planning factors emerged,
whereas a single Conceptual-Planning factor was identified in the schizophrenia group.
Percent conceptual responses on the Wisconsin Card Sorting Test (WCST) and the total
average pick-up time on the Tower of London (TOL), loaded together on this factor in
the group with schizophrenia. To complete these tests subjects are required to look
ahead, conceive alternatives and abstract and conceptualise correct sorting principles and
sub-moves. However, the performance of the group with schizophrenia suggests that
they had difficulty doing this.

The distinct planning factor which emerged in the control group data was made up of the
total average pick-up time on the TOL, which loaded negatively and California Verbal
Learning Test (CVLT) cluster score, which loaded positively. The negative loading of
the TOL suggests that control subjects required minimum planning such that the TOL
task may have been undemanding at least for levels 3 and 4 and performance. Level 5,
however, being the most difficult may have demanded that the control group employ
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planning skills. Recent research, however, has indicated that people can only make up to
two accurate preplans (Phillips et al., 2001). As a consequence, similar performances
were observed in each group on moves made and excess moves on level five of the TOL.
By contrast the CVLT task may make different demands on subjects such that they don’t
have to mentally preplan per se, rather they have to organise output and employ
categorical cues to organise output. This may tap different functional skills and abilities.

An index of the ability to conceptualise emerged as a separate construct in the control
group. The percent conceptual score on the WCST was the only measure to represent
this factor. Similarly, a factor unique to the schizophrenia group was labeled Cluster.
CVLT cluster score, alone represented this dimension. This factor represents the ability
to organize words into categorical cues to facilitate learning.

12.1

Reasons for the different factor structures in the
group with schizophrenia-

The main difference between the structures of the two groups was that the Tower of
London (TOL) indices moved between the factors in the group with schizophrenia
relative to the control group. There is considerable controversy over what the TOL
measures and how it should be scored (Baker, Segalowitz, & Ferlisi, 2001). Broadly, it is
purported to evaluate problem solving and strategic planning. Accordingly, it is widely
used as a neuropsychological measure of these abilities. However, this has not been
experimentally proven (Mitchell & Poston, 2001) and moderately little is understood of
the cognitive components of the task (Phillips et al., 1999). Moreover, the role of
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memory and attention in the performance of this test remains unclear (Bartók, 1995;
Gopal, 1997).

The lack of consensus may stem from the fact that this test produces multiple measures,
many of which provide unique cognitive information distinct from other executive
function measures. In particular, the percentage of problems solved within three trials
together with the number of broken rules have been reported as being sensitive to
planning. Similarly, problems solved on Trial one is postulated to characterise
schemata—the capacity to hold a mental account of the current task. Initial planning
time is purported to be sensitive to the ability to withhold incorrect responses, thus, it has
been conceptualized as providing an index of inhibition (Levin et al., 1996).

As noted, the major difference between the factor structures was that TOL indices moved
between factors in the SZ group. As TOL has been reported to be sensitive to discrete
elements of executive functioning it is plausible that it captured unique aspects of
neuropsychological functioning in schizophrenia.

The interactive theory of prefrontal cognitive processes (Roberts & Pennington, 1996)
provides a useful framework for understanding these results. This hypothesis proposes
that frontally mediated tasks are achieved through a dynamic interactive process between
available working memory resources and alternative competing actions. Incorrect
response alternatives are conceptualized as prepotent because the task configuration is
such that there is a high likelihood of the incorrect response occurring without an active
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inhibiting intervention. This model predicts that failures in working memory will result
in inhibition problems (Roberts & Pennington, 1996).

In this study, problems solved within minimum moves on the TOL loaded negatively
with Go No-Go percentage of false alarms, suggesting that the group with schizophrenia
were unable to inhibit prepotent responses. Also, the time taken to pick-up beads
represents a balance between planning and deliberation and thus requires the suppression
of impulsivity. Response latencies, including time taken to pick-up beads, were
significantly longer in the clinical group suggesting apathetic, slow performance as
opposed to impulsivity. In essence, the group with schizophrenia was significantly
impaired, relative to controls, in managing the conflict between prepotent and correct
responses within the TOL paradigm and performance was slow and apathetic.

A priori, this suggests that they may have been having difficulty with volitional
behaviour, (as will be explored and discussed more fully below in section) and
importantly, certain TOL indices appeared to capture unique and distinct aspects of
functioning in schizophrenia. Specifically, pick-up time captured the observed problems
with planning which was slow and apathetic, thereby reflecting anergia, and percentage
of problems solved within minimum moves provided an index of disinhibition within this
population.

The differences in factor structures are not surprising since two different populations
were tested; a clinical group with known neuropsychological deficits and a normal
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control group. Essentially, the observed differences may reflect the impairments in
neuropsychological functioning characteristic of schizophrenia. Indeed, as will be
discussed further below in section 14, when measures of creativity and filtering were
added to the analysis to investigate the apparent volitional behaviour impairments, some
sort of trade-off or change in functioning became apparent in the group with
schizophrenia. This is interpreted as suggesting that executive functioning is not only
differentially and selectively vulnerable in schizophrenia but there also appears to be
some sort of online fluid resource allocation occurring. It is posited that this trade-off
provides a clear indication of an already dysfunctional working memory system
struggling to cope with task demands. As a consequence it is viable that the control
group’s factor structure may better represent stable and distinct components of executive
functions.

A replication of this study is important in determining the stability of the factor
structures. Moreover, confirmatory statistical techniques would go some way to
reinforcing the limited evidence of the dimensionality of executive functioning. Future
research needs to include a greater number of subjects as this study is limited by its
relatively small sample size. In addition to testing another cohort with schizophrenia it
would be useful to test and compare different clinical populations with documented
dysexecutive deficits. This is important because it would elucidate differentiation in
functioning and clarify disease processes that potentially cause highly specific
impairment.

225

12.2

Summary of factor structures of schizophrenia and
normal groups

The term executive functioning encapsulates a wide variety of skills and as such it is a
gross ‘black box’ concept. This research delineates and refines this term by elucidating
the underlying discrete dimensions of executive functioning in both a schizophrenia
sample and a normal control sample. Specifically, four factors were identified in each
group. Inhibition and Conceptual-Planning factors were identified in both groups. In the
control group a Productivity-Strategy dimension was identified which was similar to a
Productivity factor that emerged in the schizophrenic group. A Cluster factor unique to
the schizophrenic group was also revealed.

The main difference between the structures was that Tower of London (TOL) indices
moved between the factors in the group with schizophrenia relative to the normal control
group. It is argued that TOL captured unique characteristics of functioning in
schizophrenia. Specifically, pickup time captured problems with planning and reflected
anergia, and percentage of problems solved within minimum moves provided an index of
disinhibition within this population. The ability to manage the conflict between
prepotent and correct responses within the TOL task was impaired in the schizophrenia
group and performance was slow and apathetic. This implies that the capacity to exhibit
volitional behaviour was deficient within this clinical sample.

Nonetheless, it would appear that the use of the umbrella term ‘executive functioning’ in
schizophrenia research may be misleading as it potentially misses the subtle, differential
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and selective impact of the disease process on executive abilities. Indeed, this research
demonstrated that the numerous tests typically used as measures of this
neuropsychological ability are in fact sensitive to discrete and subtle variations in
executive functioning. In particular, certain TOL indices capture unique aspects of
functioning in schizophrenia. Accordingly, this research is consistent with and extends
the literature in terms of replicating and elucidating ‘executive dysfunction’ in
schizophrenia. In particular, it supports and extends the factor structure identified by
Levin and colleagues (1996) in a head injured population. The factor structures from this
study will now be compared with those reported by Levin et al. (1996).
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13 Comparison of this study’s Factor Structure
with that identified by Levin et al. (1996).
Recently Levin and colleagues (1996) dissociated the various aspects of executive
functioning as measured by various neuropsychological tests putatively sensitive to
frontal lobe damage in a group of brain-injured children. Five underlying factors were
identified

Conceptual-Productivity; Planning; Use of Schemas; Semantic Clustering;

and Inhibition. These results were, in part, interpreted as providing support for the
independence of executive functions.

In the current study, principal components analysis disclosed four factor solutions in both
the control group and the group with schizophrenia. There was marked concordance
between the results of the Levin et al (1996) study and this one in terms of similarity of
the individual factors, the loadings of the particular variables, especially in the group with
schizophrenia, and the amount of variance extracted, as can be seen in Table 75 below.
Table 75 shows that an Inhibition factor was replicated in all populations with high
loadings by Go No-Go number of false alarms. Accordingly, this factor appears to be a
robust dissociable aspect of executive functioning. Whilst there was some interchange
amongst the variables, Planning and Conceptual factors emerged in all populations. As
can be seen Clustering factors were observed in Levin’s study and in the group with
schizophrenia in this research. The only factor not replicated from the Levin study was
Schema.
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Table 75 Comparison o f Levin et al’s ( 1 9 9 6 ) factors and the factors identified in this study.

Levin et al. Factors
FI - Conceptual-Productivity
- WCST % Conceptual
- Verbal fluency (COWAT)
- Design fluency (Invention
of Designs)

Factors in Schizophrenia
F2 - Productivity-Strategy
- COWAT
- RFFT

Factors in Normal Controls
FI - Productivity-Strategy
- RFFT
- COWAT
- TOL %probs. solved within
min. moves
F3 - Conceptual
- WCST % Conceptual

F2 - Planning-Execution
- TOL % probs. solved within
3 trials
- TOL no. broken rules
F3 - Schema
- TOL % probs solved on
Trial 1
- Constraint seeking questions
F4 - Cluster
- CVLT Cluster score
F5 - Inhibition
- TOL Planning time
- Go No-Go False Alarms

13.1

F4 - Planning-Conceptual
- WCST % Conceptual
- TOL Pick-up time

F4 - Planning
- CVLT Cluster Score
- TOL Pick-up time

F3 - Cluster
- CVLT Cluster Score
FI - Inhibition
- Go No-Go False Alarms

F2 - Inhibition
- Go No-Go False Alarms

Differences between the studies

There are a number of methodological differences between this study and that of Levin et
al. (1996) which may have contributed to the differences in variables loading on the
factors. This study utilized many of the same tests, however, some dependent variables,
particularly on the Tower of London (TOL), were not available to this study. This was
because a computerized version of TOL was utilized whereas Levin’s group used actual
physical models of the puzzle. Unavailable variables included percentage of problems
solved on first trial, number of broken rules and initial planning time. Moreover,
different scoring methods were used. For example, Levin et al. allowed a maximum of
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three trials to solve each problem whereas participants in the current study were allowed
to continue working until solution was attained on each trial. Accordingly, each trial was
presented only once by this study.

It is unclear precisely how or by how much the use of different scoring methods and
different testing methods (physical model versus computerized version) contributed to the
observed disparity between the factor structures. However, recent research suggests that
it undoubtedly would have influenced the results. For example, one study compared
scoring methods on the TOL in both adults and children. High correlations were reported
for children, yet correlations for the adult sample were low. It was concluded that the
TOL had different construct validity in adults and children (Baker et al., 2001).

Another methodological difference was that this study did not administer the Twenty
Questions Test (Denney & Denney, 1973) that was administered in Levin et al’s study.
Moreover, the Ruff Figural Fluency Test (Ruff et al., 1987) was administered as an
alternative for Levin et al’s use of Invention of Design (Jones-Gotman & Milner, 1977).

The differences in factor structures may also be due to three different populations being
examined—two clinical groups and a normal sample. This study investigated a sample
with schizophrenia whereas Levin et al. (1996) examined a group of children with
documented head-injuries. Accordingly, it is possible that the different factor structures
are related to the clinical profiles, neuropathological differences and heterogeneity of
these divergent populations.
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Maturation of the frontal lobes appears to culminate during late adolescent/young
adulthood (Crown, 1996). Correspondingly, there is a normal functional developmental
trajectory of executive functioning. The average age of onset of schizophrenia is late
adolescence/young adulthood, which coincides with, or perhaps even precedes (Wood &
Pantelis, 2001) the biological maturation of the frontal lobes. Indeed, executive functions
are thought to develop post-pubertally (Wood & Pantelis, 2001). Regardless, cerebral
development is typically arrested at illness onset which putatively has profound effects on
cognitive, social and emotional development. It is feasible that the observed differences
in factor structures between the studies emulates these developmental issues. Essentially,
it may be that the group with schizophrenia in this study attained greater maturation of
the frontal lobes than the subjects in the Levin et al. (1996) study and the results capture
this neuro-developmental differentiation.

At the same time, however, a body of research suggests that the frontal lobes are
impaired premorbidly in schizophrenia. For example, the neurodevelopmental
hypothesis suggests that deleterious incidents during foetal brain development contribute
significantly to the pathogenesis observed in individuals with schizophrenia (Parellada et
al., 2000; Rosso, 2001). Similarly, studies report that neurobehavioural dysfunction is
present prior to the onset of psychotic symptoms (Asarnow & Karatekin, 2000).

Again, in order to determine the stability of the identified factor structures, future
research should attempt replication with a larger number of subjects. This is important
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because it would provide further confirmation of what appear to be robust dissociable
factors. Moreover, if similar dependent variables were utilised together with a larger
population the factor structures may resemble each other more closely and a Schema
factor may well emerge. Comparative studies of the factors produced by different
clinical populations could then be conducted which would serve to explicate executive
functioning of the various disorders.

13.2

Summary of Comparison between Factor
Structures identified by this study and Levin et al.
(1996)

The current study supports and extends the factor structure identified by Levin et al.
(1996) in a head injured sample. There was marked concordance between the four factor
solutions identified in this study in a normal control sample and a group with
schizophrenia, with the five underlying factors of executive functioning documented in
the Levin et al. study. Parallels were also observed in terms of similarity of the
individual factors, the loadings of the particular variables and the amount of variance
extracted. The structure of the group with schizophrenia was particularly similar.
Inhibition, Planning and Conceptual factors were replicated in all populations and as such
these appear to be robust, dissociable aspects of executive functioning. Clustering factors
were replicated in the Levin et al. study and in the group with schizophrenia in this
research. The only factor not replicated was Schema, but this study did not employ
identical variables to those loading on this factor in the Levin et al. (1996) study.
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Methodological differences, such as substitution tests, different variables and scoring
methods, were posited as accounting for the differences between the structures.
Additionally, the populations were undoubtedly divergent in their clinical profiles and
neuropathology. Moreover, the literature on maturation of the frontal lobes suggests that
the different ages of the samples may also account for some differences.

Consistent with the research by Levin’s group,(Levin et al., 1996) Tower of London
(TOL) was found to be sensitive to and represented different sources of shared
variability. These indices appeared to capture unique and distinct aspects of functioning
in schizophrenia. The next section will further explore this in an attempt to elucidate the
sensitivity of the TOL as well as dissociating aspects of executive functioning, in
particular volitional behaviour in schizophrenia.
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14 Factor Structure of Executive Functioning
Indices in Group with Schizophrenia: Volitional
Deficits in Schizophrenia
To facilitate the realization of a task, expectations must be generated first to serve as a
guide to action. Intention is a crucial component of this process. Schizophrenia is known
to alter conscious executive functioning such that the ability to perform anticipatory tasks
is impaired (Posada, Franck, Georgieff, & Jeannerod, 2001). These volitional deficits
have been documented since Kraepelin in the 19th century. Like Kraepelin (1919),
Morris (1995) postulated that the deficits in problem solving reflect difficulty in
translating willed intention into action, independent of slowed motor speed.

The group with schizophrenia in this study was significantly impaired, relative to
controls, in managing the conflict between prepotent and correct responses within the
TOL paradigm, a test traditionally used to assess problem solving. This impairment was
also observed on Go No-Go, a task frequently used to assess volitional inhibition.
Further, all response latencies added to the analyses were extended and loaded on the
planning factor which again implied apathetic, slow performance. A priori, this
suggested that volitional behaviour within the group with schizophrenia was impaired.
This is consistent with the vast body of literature which reports impairments in the ability
to make and carry out conscious decisions in individuals with schizophrenia (e.g.
Christensen, 1999; Creech, 2000; Evans et al., 1999; Morris et al., 1995; Posada et al.,
2001; Stern & Prohaska, 1996; Suhr, 1997; Zee, 1995). Indeed, the absence of volition is
a well described feature within the defining criterion for the diagnosis of schizophrenia
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by the Diagnostic and Statistical Manual of Mental Disorders-Fourth Edition (DSM-IV)
(American Psychiatric Association, 1994).

In order to further elucidate the impact of volitional deficits on executive performance in
schizophrenia, cognitive demand was varied statistically. Specifically, various indices
representative of creativity and flexibility were added to the analysis to explore the
impact on the factor structure identified in the group with schizophrenia. By
systematically entering measures of varying cognitive demand, the reaction and coping of
discrete components of working memory and executive functioning are elucidated,
particularly in the context of demonstrated neuropsychological impairment. To date, no
study has investigated this. It is important to note, however, that the task parameters
themselves were not manipulated. Rather, the way the variables switched between the
factors and the factors themselves are postulated to reflect underlying constructs of
functioning in schizophrenia. It is upon this basis that these results are interpreted.

Creativity demands
When creativity demands were added to the analysis the variables within the group with
schizophrenia switched factors suggesting impulsive or disinhibited performance.
Functioning on any neuropsychological test commonly reflects multiple underlying
sensory and cognitive processes. While the Stroop interference score is typically used as
reflecting propensity to interference it has also been postulated to provide an index of
creativity (Golden, 1978). This is because successful performance can be mediated by
the ability to devise and utilize strategies to deal with repeating stimuli. Moreover, this
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can occur independently of other cognitive abilities such as reading and speed of
processing.

Similarly, successful performance on Ruff Figural Fluency Test (RFFT) can be facilitated
by the use of strategies which are reliant upon the ability to be creative and imaginative.
The repetition score provides a direct indication of subjects’ susceptibility to rigidity and
concomitantly, the ability to approach tasks in a creative manner. Together, the Stroop
Interference score and RFFT Repetition score, were interpreted as reflecting flip sides of
the one coin; namely creativity and cognitive rigidity, the latter of which has been well
documented in schizophrenia (Albus et al., 1996; Binder et al., 1998; Fossati et al., 1999;
Gur et al., 1997; Heaton et al., 1994; Ihara, Berrios, & McKenna, 2000; Salvador et al.,
2000; Wykes, Reeder, Corner, Williams, & Everitt, 1999).

When these variables were added to the analyses, a distinguishable Creativity-Rigidity
factor emerged comprised solely of these two variables. At the same time, TOL pickup
time, moved and loaded on the Inhibition factor with Go No-Go False alarms and TOL
percent of problems solved within minimum moves. The time taken to pick-up beads on
the TOL has been conceptualized as reflecting a balance between deliberation (as
opposed to impulsivity) and planning (Levin et al., 1996). If this is accepted, then either
Go No-Go or TOL pick-up time should have loaded negatively. However, in the current
study Go No-Go and TOL pick-up time loaded positively while TOL percent of problems
solved within minimum moves loaded negatively. In this sample with schizophrenia,
pick-up time and false alarms shared variability, suggesting disinhibited, impulsive
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performance. Moreover, TOL percent of problems solved within minimum moves, also
shared variability thereby providing an additional indication of the difficulty the group
with schizophrenia appeared to be having with volitional behaviour. That is,
performance by the clinical group and the loading of this variable on the inhibition factor
suggests prepotent responses were not inhibited; rather, beads were moved in an ad hoc
manner until solution was attained.

A review of the literature reveals that the term disinhibition is inadequately defined and
conceptualized. While it implies speed and haste anecdotally, this was not the case in
this study. Rather, the disinhibition observed was not expeditious; performance was in
fact, protracted and sluggish. Hence, disinhibition in this instance refers to the failure to
prevent an incorrect response from occurring independent of response speed.

Filtering
When filtering measures were added to the analysis the variables switched between the
factors, further suggesting problems with volitional behaviour within the sample with
schizophrenia. Specifically, a distinct planning factor made up solely of TOL pick-up
time, emerged. Given the significantly inferior performance by the group with
schizophrenia, which was also generally slow and apathetic it suggests that this planning
factor may in fact capture and represent anergia.

Within this study Stroop Color-Word score, together with the California Verbal Learning
Test (CVLT) Intrusion score, were postulated to reflect susceptibility to interference.

237

Proficient performance on the Stroop Color-Word sub-test involves active filtering of
information/stimuli and sustained attention. This sub-component is not calibrated against
the reading and colour-naming module of the test. Accordingly, intelligence, speed and
reading ability are not controlled for. Moreover, it demands a less habituated form of
response whereby the word naming response has to be separated, or filtered, from the
colour of the word. As such it can be considered a gross indicator of susceptibility to
interference and concomitantly the ability to filter information/stimuli. Similarly, the
Intrusion score from the CVLT reflects the ability to filter and discriminate irrelevant
stimuli from relevant stimuli.

The observed filtering impairments in this sample with schizophrenia are consistent with
recent investigations which report that the characteristic attentional deficit in
schizophrenia manifests as an inability to ignore irrelevant stimuli (McCartan et al.,
2001). Thus, the switching of TOL variables from one factor to another when filtering
measures were added to the analysis revealed underlying competing processes such that
lethargy became evident in the group with schizophrenia. Similarly, when creativity
measures were added to the analysis the factor structure identified in the group with
schizophrenia changed and disinhibition became evident.

Hence, these results suggest that the group with schizophrenia appeared to suffer from
volitional dysfunction. Moreover, TOL pick-up time, appeared to capture and reflect a
dual process occurring within this group. Specifically, when filtering demands were
added to the analysis this measure provided an index of highly ineffective planning. This
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inefficient planning is reflected by a) the long response latencies, (often twice as long in
the clinical group), b) the difficulty the clinical group had solving the TOL problems
generally, (an examination of the range on the TOL indicates that a proportion of the
clinical group was making a large number of excess moves at each of the levels (Level 1,
0 - 25 in the schizophrenia group versus 0 - 17 in the control group; Level 2, 0 -20 in the
clinical group versus 0 - 6 ; and Level 5, 0 - 18 in the schizophrenia group versus 0 - 7 ,
see Table 38).and finally, c) the high number of moves required for solution on Levels 3
and 4. (While a significant difference was not observed on Level 5 of the TOL, this
would be expected given research which reports that people can only make accurate
preplans for up to 2 subgoals (Phillips et al., 2001).) Together, this indicates the
difficulty that the clinical group was experiencing with the task. This suggests apathetic
performance within this group. Further, support for this hypothesis was provided when
the latency measures from the Wisconsin Card Sorting Test loaded with TOL pickup
time, on the planning factor again suggesting that highly ineffective planning was
occurring with the clinical group. Indeed, it is postulated that the planning factor may
actually have captured apathetic, lethargic functioning.

At the same time, TOL pick-up time switched to the inhibition factor when creativity
variables were added to the analysis. TOL pick-up time has been postulated as being
sensitive to ability to withhold incorrect responses and provides an index of inhibition (H.
S. Levin et al., 1996). Indeed, a recent study (Mitchell & Poston, 2001) reported that
instructions to inhibit responses on the Tower of London facilitated significantly better
performance. Accordingly this measure reflects a balance between deliberation/planning
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and inhibition. It would seem that prepotent responses were not inhibited in the group
with schizophrenia and beads were moved in an extemporized manner until solutions
were reached. Hence, the TOL measure seems to capture disinhibition and apathy (as
reflected by extended response latencies and poor overall performance) within the group
with schizophrenia. Figure 14 below provides a conceptualisation of the cognitive
processes postulated to be occurring within this group.

Filtering
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Demands
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Figure 14 Model of cognitive processes postulated to be occurring within the schizophrenia sample.

Regardless of the type of variable added (i.e. creativity-rigidity, filtering tasks),
California Verbal Learning Test (CVLT) Cluster score and Wisconsin Card Sorting Test
(WCST) conceptualising score, moved together forming what appeared to be a fairly
stable factor. This factor represents the ability to deduce and understand task
requirements from contextual clues (i.e. on WCST the correct sorting requirement is
deduced from feedback and on CVLT words can be reorganized into categorical groups).
Thus, these indices provide information about the ability to conceptualise and the level of
insight. The Productivity factor also remained stable in all analyses.

240

Working memory is viewed as a kind of limited capacity computational workspace where
data are temporarily maintained and used to guide actions consistent with goals (Moraga,
1999). This system consists of at least two storage systems; the phonological loop which
stores verbal information and the visuospatial sketchpad, which holds visual stimuli. The
recently proposed episodic buffer is posited to be another short-term store which is multi
modal and responsible for holding integrated chunks of information (Baddeley, 2000).
The central executive component is posited to play a crucial role in the management of
information as well as coordinating and allocating resources (Logie, 1999). Typically,
when several tasks are performed concurrently, processing demands increase such that a
trade-off will be exhibited (Kondo & Osaka, 2000). That is, the ability to perform certain
tasks will decrease, (dependent upon experimental design and the working memory
component being manipulated), as a function of task difficulty or load increases.

Dysfunctional working memory has been proposed to be a principal component of the
various cognitive deficits found in schizophrenia. Recent research revealed that patients
with schizophrenia have greater deficits in central executive as compared to the storage
components of working memory, which are also impaired (Kim, 2001).

The interactive theory of prefrontal cognitive processes (Roberts & Pennington, 1996)
extends working memory theory by proposing that facilitation of frontally mediated tasks
is realized through an interactive process between available working memory resources
and alternative competing actions. This is a dynamic process whereby choice, action and
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outcome are determined by the interaction of working memory resources, the strength of
opposing prepotencies, and task demands of generating the correct response. Three
aspects of working memory are also posited to interact with one another. These are—
capacity (i.e. concurrent storage and processing), maintenance of information over time,
and vigilance, or level of activation at any given moment. Intact working memory, and
the ability to inhibit an overt upcoming behaviour or action, yet to occur, are minimum
requirements for successful task performances (Roberts & Pennington, 1996).

The interactive model predicts that impaired working memory systems cause inhibition
deficits. The results of this study are consistent with this—a robust inhibition factor
emerged in all analyses. As tasks were added to the analyses the variables loading on the
factors switched, further implying difficulties with volition behaviour. Thus, a dual
process, which may reflect this volitional dysfunction, may be occurring in this sample
with schizophrenia such that performance is both disinhibited and/or apathetic.

This sample with schizophrenia not only exhibited impaired neuropsychological
functioning, but aberrant functioning may also be occurring. That is, in addition to
deficient performance a trade-off may occur as a function of task demands or as cognitive
processing alters. Importantly, this trade-off may become apparent without an associated
increase in cognitive demand. This hypothesis needs to be confirmed however, by follow
up studies which experimentally manipulate and alter task demands during
neurocognitive testing to determine if volitional deficits result in a trade-off between
disinhibition and apathetic performance. Follow-up studies could also determine if the
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volitional deficits observed in this study are due to impairments in the ability to inhibit
prepotent responses, impairment in the ability to generate correct responses, inadequate
working memory resources being available, inadequate activation, or reduced capacity.
These issues are important because to date, the nature and extent of working memory
dysfunction in schizophrenia has been unclear.

This research draws together several lines of research. Specifically, intention and
inhibition deficits have been well documented (e.g. Christensen, 1999; Morris et al.,
1995). Similarly, a vast body of research reports working memory impairment in
schizophrenia (as above). The way the Tower of London variables move between the
factors suggests that there may be some type of further disintegration of working memory
processes whereby some sort of on-line, fluid switching occurs dependant upon task
demands. Specifically, this study suggests that volitional deficits may break down further
in a dynamic interactive process such that performance may become either disinhibited
and/or apathetic. While this type of on-line resource switching has not been reported in
the literature it is consistent with Andreasen’s (1999) "cognitive dysmetria" which she
argues characterizes schizophrenia. Cognitive dysmetria is defined as a disturbance of
the fluid, coordinated progression of thought and action that are the hallmark of normal
cognition.

If this on-line switching is occurring, it may go some way to explaining the heterogeneity
in functioning in schizophrenia. It may be that translating willed intention into action is
further complicated by aberrant functioning of an already impaired system.
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Accordingly, this research provides confirmation of a working memory system whose
limited capacity is further reduced by the disease process such that insufficient processing
resources may be available (Seidman et al., 1998). This is consistent with a vast body of
literature that reports working memory deficits in schizophrenia (Conklin et al., 2000).
Further, the three aspects of working memory—capacity, maintenance of information
over time and level of activation—that are posited to perform crucial roles in the
interactive hypothesis have been reported as being impaired in schizophrenia (Conklin et
al., 2000; Gold & Weinberger, 1995; Gopal, 1997; Huguelet et al., 2000; Morice &
Delahunty, 1996; Pantelis et al., 1997; Park et al., 1995; Stratta et al., 2001; Trimble,
1996). The relative contributions of these components to the potentially aberrant
functioning suggested by this research needs to be teased out in future research.

The small sample size necessitates that the results of the principal components analysis
be interpreted very cautiously. Similarly, the potential instability of the factor solutions
also means results should be interpreted with caution. Moreover, the conceptual basis
and distinctions of the factors can be questioned and the names of the factors are
arbitrary.

An indication of the stability of the current factor solution would be provided by a
replication of this study with another cohort with schizophrenia and a larger sample size.
Future research could also further explore differential impairment by comparing the
factor structure of two clinical populations. Experimental studies are also needed which
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utilize other statistical techniques such as confirmatory factor analysis and examination
of the congruence of factors across groups.

Experimental studies could also further explore the apparently aberrant, interactive
functioning of the already impaired central executive characteristic in schizophrenia.
This could be done in a variety of ways. For example, other executive functioning
measures could be employed to determine if the dual process/trade-off observed in this
study occurs in the same manner with other executive indices. Similarly, future studies
could establish the precise nature of impairment in the various components of working
memory, (i.e. span, level of vigilance and the ability to maintain information over time),
prior to systematically varying task demand. This would further elaborate the precise
nature of deficit in schizophrenia and provide confirmation and elaboration of the
interactive trade-off observed in this study.

14.1

Summary of Factor Structure of Executive
Functioning Indices in Group with Schizophrenia:
Volitional Deficits in Schizophrenia

This study is consistent with the vast body of literature which reports impairments in the
ability to make and carry out conscious decisions in individuals with schizophrenia.
These results suggest that some type of dual process or switching is occurring in the
group with schizophrenia between disinhibition and apathy/anergia. It is postulated that
Tower of London (TOL) pick-up time, in particular captures this dual process/switching.
Specifically, when filtering measures were added to the analysis, TOL pick-up time
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provided an index of highly ineffective planning, suggestive of apathetic performance.
At the same time, when creativity measures were added, TOL pick-up time, switched to
the inhibition factor. TOL pick-up time reflects a balance between deliberation/planning
and inhibition. Hence, the TOL measure seems to capture disinhibition and apathy (as
reflected by extended response latencies and poor overall performance) within this group
with schizophrenia.

TOL percent problems solved within minimum number of moves, consistently loaded
negatively on the inhibition factor. This implies that beads were moved in an ad hoc
manner to attain solution such that prepotent responses were not inhibited. Together
these results suggest difficulties with volitional behaviour. The Tower of London
indices, in particular pick-up time appears to capture a unique aspect of functioning in
schizophrenia and accordingly this result is consistent with and extends the findings of
Levin et al. (Levin et al., 1996).

In addition, this study provided a model of functioning in schizophrenia that extends the
literature. It suggested aberrant functioning without an associated increase in task
demand. Indeed, the switching of the variables between the factors suggests that there
may be some sort of online fluid resource allocation occurring. This is important because
to date, the nature and extent of working memory dysfunction in schizophrenia has been
unclear. Specifically, as noted above, measures from the Tower of London captured a
dual process or switching between anergia/apathy and disinhibition relative to task
demands. When creativity measures were added to the analysis the factors changed to
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reflect impulsivity or disinhibition. Conversely, when filtering measures were added the
factors revealed planning inefficiencies suggestive of apathy. In summary, the switching
of the variables between the factors suggests that the group with schizophrenia were
suffering with volitional dysfunction which may manifest in different ways dependent
upon task demands. Future research needs to confirm this, however.

This observation may go some way to explicating the heterogeneity of functioning in
schizophrenia. It would seem that translating willed intention into action is further
complicated by aberrant functioning of an already impaired system. Accordingly, this
research verifies and clarifies a working memory system whose limited capacity is
undermined by schizophrenic disease processes and, moreover, a further unique
disintegration may be occurring such that some sort of switching occurs, in the absence
of increased demands.
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15
Factor Structure of Executive Functioning
Indices in Normal Control Group with Additional
Cognitive Measures.
In order to examine the robustness and stability of the various constructs in a normal
population the Stroop Interference score, Stroop Color/Word score, California Verbal
Learning Test intrusion score (CVLT) and number of repetitions on the Ruff Figural
Fluency Test (RFFT) and a latency measure from the Wisconsin Card Sorting Test
(WCST) (i.e. average time taken on cards sorted correctly) were added to the control
group data. A six-factor solution was extracted.

Several factors were retained from the original analysis. Specifically, the ProductivityStrategy dimension remained, being represented by the same variables (i.e. RFFT, Tower
of London (TOL) minimum moves and Controlled Oral Word Association Test
(COWAT)). The Inhibition dimension was retained and was again represented by Go
No-Go.

The Planning dimension also remained. However, the variables which loaded on it
changed somewhat. TOL pick-up time, shared variability with the WCST latency
measure, instead of CVLT cluster score. This makes better conceptual sense in that both
latency measures reflect time taken prior to a move being made. It is feasible that
planning occurred during these latencies.
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The Conceptual dimension was also retained. However, in addition to the positive
loading of the WCST percent conceptual score, RFFT repetitions loaded negatively. The
WCST requires subjects to deduce and hold in memory the sorting principle derived from
feedback. RFFT, as noted earlier, can be facilitated by systematically varying the design.
As such, subjects must deduce and hold ideas or concepts to avoid a high number of
repetitions. Accordingly, the shared variability of RFFT with WCST was such that a
high repetition score indicated a lack of understanding and failure to employ a strategic,
conceptual approach.

Two new factors emerged. A Clustering dimension emerged, which was represented by
CVLT cluster score. This factor was observed in the head injured population examined
by Levin et al. (1996). Stroop Interference and Color/Word scores shared variability to
represent a dimension interpreted as an index of Attention.

The only factor found in the Levin et al. (1996) study not replicated here was Schema.
As noted elsewhere above, this may be due to methodological differences, (i.e. different
variables being employed, different scoring methods and tests being analysed) between
the two studies. Alternatively, it may also reflect the fact that different populations were
examined. Levin et al. tested a group of head injured children whereas this study
examined normal adult controls. It is plausible that the different factor structures are
related to the clinical profiles of the head-injured population versus the presumably more
normal neuropsychological functioning of the control group.
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Furthermore, the differences may also reflect developmental issues. Specifically, the
frontal lobes continue to mature during childhood with maturation culminating during
late adolescent/young adulthood (Crown, 1996). Moreover, there is a normal
developmental trajectory of executive functioning. The control group undoubtedly
attained greater maturation of the frontal lobes than the subjects in Levin et al’s. study.
The results of this study may encapsulate this neuro-developmental differentiation.

15.1

Summary of Factor Structure of Executive
Functioning Indices in Normal Control Group with
Additional Cognitive Measures.

In exploring the volitional deficits observed in the group with schizophrenia various
dependent variables were added to the analysis. The same variables were added to the
control group data to explore the stability and changes within and between the factor
structures. A six-factor solution was retained where several factors, namely;
Productivity-Strategy, Inhibition, Planning, Conceptual remained largely the same as
those in the initial analysis. Two new constructs emerged; Clustering and Attention.
Again, Schema was the only factor from the Levin et al. (1996) not replicated.
Methodological differences and developmental issues were posited as accounting for the
observed differences.
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16 Correlations between factor scores and
PANSS summary scores
There has been some support from the literature for an association between symptom
subtypes of schizophrenia and different configurations of cognitive impairment. In an
attempt to explicate this, the current study investigated the relationship between executive
dysfunction and symptom expression in schizophrenia.

The aim was to evaluate the clinical utility of the various factor structures found in the
sample with schizophrenia and to determine if the deficits in frontal-lobe mediated
abilities are expressed differentially across clinical sub-types. Psychotic symptomatology
was assessed by The Positive and Negative Syndrome Scale (PANSS) (Kay et al., 1987)
which yields three summary scores; Positive symptoms, Negative symptoms and General
symptoms.
Correlational analyses between these summary scores and the factor scores (the score that
subjects would have received on each of the factors had they been measured directly)
revealed no consistent findings. No significant relationships were found between the
Factor Scores produced from Data Set 1, (variables based on Levin et al., 1996 study) and
the PANSS summary scores.

Analysis of the other data sets revealed significant relationships between general
symptoms and Conceputal-Clustering and a trend with Creativity-Rigidity. The latter
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relationship was negative which suggests that those subjects with greater general
psychiatric symptomatology were the most rigid or the least creative.

One significant relationship was found between negative symptoms and inhibition. A
trend was also observed between negative symptoms and productivity in two of the data
sets. In each instance the relationships were negative suggesting subjects with negative
symptoms were less able to be productive and more disinhibited.

It is important to note that these relationships were not observed on all the data sets
analysed. The lack of consistent findings mirrors those reported in the literature.
Specifically results are equivocal; some studies report no relationship between psychiatric
symptoms and executive functioning, others do and yet others report mixed results.

The lack of consistent findings may have been due to the models of schizophrenic
symptoms employed in this study. Indeed, there is support in the literature for three
symptom items, namely—negative, positive and disorganized. Recently Cameron and
colleagues (2002) utilized this three dimensional model in a study which investigated its
relationship with working memory indices. They reported significant correlations
between severity of disorganised symptoms and disinhibition during a verbal fluency
task, impaired visuospatial working memory (under certain conditions), perseverative
responses, and dysfunction in the ability to evaluate the truth of simple declarative
statements. Severity of negative symptoms were reported as being correlated with
reduced output during a verbal fluency task, dysfunction in the ability to concurrently
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hold and manipulate letter and number sequences, reduced dual task performance, and
compromised visuospatial working memory (under certain conditions). Cameron and
colleagues (2002) concluded that the positive, negative and disorganised symptom
dimensions of the PANSS represented discrete clusters which were associated with
unique patters of dysfunction in working memory.

Negative symptoms have been reported as being associated with poorer social and
occupational functioning (Penn et al., 2000), deficient verbal fluency (Howanitz et al.,
2000; Tek et al., 2001), impaired sustained attention, and greater neuropsychological
impairment, including executive and working memory deficits (Guillem et al., 2001;
Nieuwenstein et al., 2001; Perlick, Mattis, Stastny, & Silverstein, 1992; Rozenthal et al.,
2000). Conversely, positive symptoms have also been related to frontal executive tasks
(Zakzanis, 1998).

A number of studies report no relationship between neuropsychological functioning and
psychopathology ratings. For example, five domains of neuropsychological functioning
(i.e. attention, executive, motor, memory and language) were reported as being unrelated
to psychopathological symptoms of anergia, anxiety, thought disturbance, hostility and
activation (Berns, 1999). No relationship was found between negative symptoms, as
assessed by the PANSS and executive functioning measures derived from the WCST
(Stewart, 1997). However, the results were limited by the small sample size. Measures
of working memory and executive functioning, derived from the Continuous
Performance Test, Digit Span Distraction Test, WCST and the Trail Making test, were
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not correlated with clinical ratings on the attention subscale of the Scale for the
Assessment of Negative Symptoms (SANS) (Vadhan, Serper, Harvey, Chou, & Cancro,
2001). Similarly, no association was found between executive abilities and symptoms
rated with the PANSS in a sample of first-admission individuals with a range of
psychotic disorders, including schizophrenia (Verdoux et al., 1999).

A prospective study over three years examined neurocognitive discrepancies between
undifferentiated and paranoid schizophrenics (Seltzer, Conrad, & Cassens, 1997). The
paranoid group was reported as showing a trend towards superior performance on a
variety of tasks and significantly superior executive functioning (assessed by the WCST)
and repetition memory. Verbal IQ was also notably better in the paranoid group, yet
significant impairment in verbal learning on the Rey Auditory Verbal Learning Test was
exhibited. Despite these differences, performances were similar on tasks which required
fine motor speed, co-ordination and continuous auditory attention.

In a meta-analytic research study (Johnson-Selfridge & Zalewski, 2001) data was
cumulated from 71 studies across a number of measures which included the WCST,
Halstead Category Test, Trails B, Stroop and verbal and design fluency. Schizophrenic
performance was reported as being worse on both complex and simple cognitive
measures, relative to normal controls and other psychiatric groups. Effect sizes were
found to be unrelated to psychiatric symptoms, measured by the Brief Psychiatric Rating
Scale (BPRS) and Scale for the Assessment of Negative Symptoms (SANS) (JohnsonSelfridge & Zalewski, 2001). However, a relationship was found between effect sizes
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and indices from the Scale for the Assessment of Positive Symptoms (Johnson-Selfridge,
1998).

16.1

Are the Lack of consistent findings due to
difficulties in the three scale structure of
schizophrenic symptomatology? (i.e. Positive,
Negative and General?)

Schizophrenia is considered a heterogeneous disorder. Yet, explaining the diversity of
symptoms has presented a major conceptual challenge and endeavors to elucidate and
validate meaningful and stable sub-types have met with limited success (D. E. Ross,
2000; Seaton, Goldstein, & Allen, 2001). For example, in one study (Rutz, 1983) a
sample with schizophrenia were categorized into positive and negative symptom
subgroups and observed over periods ranging between 2 and 48 yrs. It was found that the
initial prominent symptom subgroup changed during treatment as well as over the course
of the illness. It was concluded that the classical positive and negative subgroups of
schizophrenia are not constant.

Despite the PANSS having good reliability, validity and internal consistency with
schizophrenic patients, it was developed on the assumption that there were two major
symptom syndromes in schizophrenia—positive and negative. Yet, numerous studies
have suggested that the two-syndrome model is an inadequate representation of the range
of psychotic symptoms as measured by the PANSS. Further, the three-scale structure of
the PANSS (i.e. positive, negative and general symptoms) has not been supported
(Purnine, Carey, Maisto, & Carey, 2000). It is plausible therefore, that the lack of
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consistent findings in the current study may be due to the tenuous nature of the
positive/negative dichotomy.

Indeed, psychotic symptoms are not specific to, nor pathognomonic of schizophrenia. As
such, the maintenance of a narrow focus on this disorder may have resulted in a limited
view of psychosis and obscured the relationship between the so-called positive and
negative symptoms. Increasingly, the sufficiency of this dichotomy as a model of
schizophrenia has been criticized as being an oversimplification and there is growing
evidence supporting a higher-dimensional model of psychotic symptoms. Accordingly,
the absence of consistently overlapping neuropsychological functioning and psychiatric
symptoms supports the plausibility of a multisyndromal model providing a more valid
conceptualization of schizophrenia.

Five factor models of schizophrenic symptoms have been reported in the literature which
show similarity and consistency. For example, studies by He (2000) and Lindenmayer
(1995) retained factors including positive and negative syndromes, a depression/anxiety
component, an excitement factor and a cognitive factor. The stability, validity and
reliability of this model was examined using forced principal components analysis. The
five factors were reported as explaining 64.3% of the total variance in relapsed
schizophrenics and 62.1% in chronic schizophrenics. Internal consistency was good for
all factors except the cognitive factor in both groups of patients with schizophrenia
(Lancon et al., 2000).
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16.2

Summary findings of the three scale structure of
schizophrenic symptomatology.

In an attempt to explicate the relationships between schizophrenic symptom subtypes and
cognitive impairment the current study conducted correlation analysis on summary scores
from the PANSS (Kay et al., 1987) and the neuropsychologically derived factor scores.
A significant relationship between general symptoms and Conceputal-Cluster was found
together with a trend between general symptoms and Creativity-Rigidity. A significant
relationship and two trends were also revealed between negative symptoms and
Inhibition and Productivity. However, the results were equivocal as the relationships
were not replicated on all data sets analysed. This lack of consistent findings parallels the
literature.

Numerous studies have suggested that the two-syndrome model of positive and negative
symptoms is an inadequate representation of the range of psychotic symptoms and that a
higher-dimensional model of psychotic symptoms should be employed. The tenuous
nature of the positive/negative dichotomy may have contributed to the lack of consistent
findings in the current study.

Five factor models have been reported in the literature which show similarity and
consistency (c.g. He & Zhang, 2000; Lancon et al., 2000; Lindenmayer, 1995, Lykouras
et al., 1999). In an attempt to further examine and elucidate the possible relationship

257

between psychotic symptoms and factor scores a five factor model of symptoms of
schizophrenia was utilized.
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17 Correlations between factor scores and fivefactor model of schizophrenic symptoms
A number of significant correlations were found between the anxiety-depression
symptoms and Conceptual-Cluster-Planning factors. All relationships were positive
suggesting that those with higher levels of depression were the most able to
conceptualise. This was supported by a further significant relationship between
depression and Creativity-Rigidity such that those with higher depression levels were the
most rigid, or the least creative. General symptoms also correlated with ConceptualClustering suggesting that as the level of general symptoms rose so did the ability to
conceptualise. This was supported again, by a trend between general symptoms and
Rigidity which suggested that those with high levels of general symptomatology were the
most rigid. Negative symptoms correlated with inhibition thereby suggesting those with
high negative symptoms were less able to inhibit responses. While a number of
relationships were found these may be spurious findings because the relationships were
not observed in all of the data sets. Indeed, given the number of analyses done very few
revealed the presence of relationships.

Given these results it is difficult to draw any firm conclusions. It may be that with a
larger sample, clearer relationships may have emerged, particularly between
Conceptualisation-Clustering and depressive symptoms. Alternatively, the lack of
consistent findings within this study may again reflect the conceptual difficulty of
elucidating valid and discrete symptom subtypes. Significant relationships may have
been found if the correlations between the individual test items and symptoms had been
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examined, rather than factor scores. It is possible that the lack of consistent findings
were due to the factor scores not effectively capturing executive functioning in
schizophrenia. That is, the factors scores may not have clinical utility. However, the
overall congruence (for the most part) of the factor structures in this sample with
schizophrenia, the sample of normal controls, and Levin et al’s samples of head injured
children, suggest that these are measures of valid cognitive constructs underlying
executive function. It was the aim of this research to examine these underlying
constructs. A number of methodological issues influence the identification of the
dimensions of psychopathology. These potentially influential factors include the
statistical procedure used, the phase of illness when testing is conducted, what was
analysed (i.e. groups of symptoms, or just symptoms) and the types of instruments used
for measurement. A hierarchical approach has been suggested as potentially useful in
organising the complex dimensional structure of schizophrenia (Peralta & Cuesta, 2001).
The current results reflect the divergent findings between symptom profiles cited in the
literature.

Moreover, there is substantial variation in the level and pattern of neuropsychological
functioning within schizophrenia. Indeed, many individuals exhibit normal or
unimpaired neuropsychological abilities (Goldstein et al., 1996; Koren, 1996).
Consequently, while research has consistently shown inferior performance on commonly
used measures of cognitive functions there is no consensus on the precise nature of the
cognitive and neuropsychological impairment (Rund, 1998). Indeed, heterogeneity of
performance is characteristic of schizophrenia.
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Therefore, it may be as Seaton (2001) has posited; that distinct mechanisms are
responsible for producing both cognitive and symptom heterogeneity such that individual
clinical presentations are mediated by and reflect various combinations of continuities in
severity of the disorder as well as continuities of neuropsychological impairment. That
is, it may be that psychopathology and neuropsychological functioning make independent
and variable contributions to illness presentation and manifestations (Aksaray et al.,
2000; Nieuwenstein et al., 2001; Yang, Phillips, Zhang, & Jie, 2000). In addition, it is
likely that a variety of genetic and environmental factors contribute cumulatively to
aberrant neurodevelopment and neuronal mis-connectivity, which ultimately leads to
diverse clinical manifestations of schizophrenia.

17.1

Summary of Correlations between factor scores and
five-factor model of schizophrenic symptoms

As occurred with the two-dimensional model of schizophrenic symptoms, the findings of
the higher dimensional model were also inconsistent. This again reflects the divergent
findings cited in the literature. The correlations which were found were thought to be
spurious because the relationships were not observed on all data sets.

As a consequence it was difficult to draw firm conclusions. The lack of consistent
findings may have been due to a small sample size. Alternatively, it may have been
attributable to the inherent conceptual difficulty of elucidating valid and discrete
symptom subtypes. It is possible that relationships may have been found between
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symptoms and test performance on individual tests, however, the focus of this thesis was
on exploring the underlying cognitive constructs as extracted from factor analysis of
individual test results. Equally, the substantial variation in the level and pattern of
neuropsychological functioning within schizophrenia may have also contributed.

The lack of consistent findings may have also been due to the models of schizophrenic
symptoms employed in this study. Indeed, there is support in the literature for three
symptom items, namely—negative, positive and disorganized. Recently Cameron and
colleagues (2002) utilized this three dimensional model in a study which investigated the
relationship between this model and working memory indices. They reported several
significant correlations between severity of disorganised symptoms, severity of negative
symptoms and various working memory measures. They concluded, in part, that the
positive, negative and disorganised symptom dimensions of the PANSS represented
discrete clusters which were associated with unique patterns of dysfunction in working
memory.

The empirical focus of this thesis was on the cognitive constructs of executive
functioning as opposed to individual test items. However, in view of the results by
Cameron and colleagues (2002), among others, various other models of psychiatric
symptoms and individual test items were investigated.

Specifically, correlation analyses were performed between individual test items and the
PANSS summary scores of positive, negative and general symptoms as well as the five

262

factor model of schizophrenia symptoms. Alpha was set at a stringent .005 to avoid Type
I errors. Very few significant relationships were found. From the PANSS summary
scores analysis, three negative correlations were found. Namely, relationships were
found between the negative symptom component and Stroop Word score (rs =-.465, p =
.002), Color/Word score (rs =-.512, p = .001) and COW AT (rs =-.488, p = .001). This
suggests that those individuals with predominant negative symptoms had poor verbally
fluency and were the least able to filter irrelevant stimuli.

When the five factor model of schizophrenic symptoms was used three relationships were
found with Stroop indices. Specifically, negative symptoms correlated with the
Color/Word score (rs = -.484, p = .001) and the Word score (rs =-.422, p = .005), which is
consistent with the correlations above. A negative correlation was found between the
cognitive component of psychiatric symptoms and the Word score (rs=-.460, p = .002).
This suggests that as cognitive symptoms increase performance becomes poorer on the
Word component of the Stroop.

The relationships between individual test items and the model used by Cameron and
colleagues, namely negative, positive and disorganized symptoms was also explored.
Again, very few correlations were found. Specifically, negative symptoms correlated
negatively with the Stroop Word score (rs =-.476, p = .001) and the Color/Word score (rs =
-.526, p = .000). This again suggests that those with prominent negative symptoms were
the least productive on the AiVord component of the Stroop and the most prone to
experiencing difficulty on the Color/Word component. A negative relationship was
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found between disorganised symptoms and COWAT (rs= -.498, p = .001), which suggests
that individuals with prominent disorganised symptoms had poor verbal fluency. A
positive relationship was found between positive symptoms and WCST average cognitive
latency on nonperseverative errors (rs = .466, p = .003). A negative relationship was
found between positive symptoms and WCST total errors (rs =-.487, p = .002). As
positive symptoms increased there was a concomitant decrease in the time taken on
nonperseverative errors (suggestive of disinhibition) and an increase in latencies on total
errors (suggestive of apathetic responding).

Analysis of the positive, negative and disorganised model of psychiatric symptoms and
the factor scores derived from this study revealed no significant relationships.
Methodological issues may account for the lack of consistent correlations reported here,
particularly with regard to the study by Cameron and colleagues (2002). That study
reported that disorganized symptoms were correlated with vulnerability to distraction,
disinhibition, a perseverati ve response style and dysfunction in the ability to judge the
veracity of simple statements. Negative symptoms were associated with very poor verbal
fluency performance. While this study also found a relationship between COWAT and
negative symptoms, COW AT performance was also found to be related to disorganised
symptoms. Thus, the results of this study are inconsistent and equivocal.

In the Cameron et al. (2002), study negative symptoms were also reported as being
associated with a compromise in the ability to simultaneously hold and manipulate letter
and number sequences, reduced dual task performance and impaired visuospatial working
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memory. Hence, this study did not replicate many of the relationships reported by
Cameron et al. (2002), beyond the equivocal correlation between negative symptoms and
verbal fluency. This again, seems to reflect the divergent findings reported in the
literature.

It is likely that a variety of factors contribute cumulatively and uniquely to aberrant
neurodevelopment and neuronal misconnectivity which ultimately leads to diverse
clinical expression of schizophrenic symptoms and functioning. That is, it may be that
psychopathology and neuropsychological performance make independent and variable
contributions to illness presentation and manifestations.
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18 Effects of Medication
Atypical antipsychotic medication, such as clozapine, amisulpride, olanzapine,
quetiapine, ziprasidone, risperidone and zotepine have demonstrated efficacy with both
positive and negative psychiatric symptoms compared to conventional neuroleptics (AbuHijleh, Takriti, Sarhan, & Saad, 2000; Dossenbach et al., 2000; Glick et al., 2001; Kapser
et al., 2001; Knott, Labelle, Jones, & Mahoney, 2001; La Pia et al., 2001; Meltzer, Alphs,
Bastani, Ramirez, & et al., 1991; Meltzer & McGurk, 1999; Tugrul, 1998). The newer
psychotropic drugs are seemingly well tolerated with significantly less acute
extrapyramidal side effect profiles. For example, adverse effects such as akathisia
dystonia, hypertonia, tremor, hypotinesia and extrapyramidal syndrome were less in a
group of patients taking olanzapine compared to other psychotropics. Despite being well
tolerated generally, weight gain and somnolence were more frequent (Gomez et al.,
2000).

While this study did not control for the levels of psychopharmaceuticals or
anticholinergic medication these may be a potential confound. There is, however, a
convergence of reports in the literature that atypical drugs have no effect on performance
or alternatively that they facilitate improvements in cognitive deficits (Kahn, 1996,
Rivas-Rodriguez, Blais, Rey, & Rivas-Rodriguez, 2000; Smit et al., 2001) particularly in
attention, verbal memory and executive functions (Cuesta et al., 2001). Clozapine has
been reported as improving reaction times and the accuracy of detecting targets (Galletly
et al., 2000).
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Therefore, it is unlikely that the neuropsychological deficits observed in this study are
due to psychotropic medication. Indeed, no significant correlations were found between
chlorpromazine equivalents and the factor scores. Moreover, the neuropsychological
deficits exhibited by the clinical group were in many instances extreme, as indicated by
the magnitude of differences between the groups. This further suggests that the
impairment was not due to medication. For example, the performance of 61 percent, 77
percent and 61 percent of the group with schizophrenia fell two or more standard
deviations below mean control performance on CVLT total learning over trials, Go NoGo number of missed stimuli on the Go component and Trails B respectively.
Performance differences of this magnitude were commonly exhibited by this sample of
individuals with schizophrenia. This pattern is repeated throughout the test results.
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19 Limitations of the study
The control group in this study were significantly younger and exhibited superior IQ
relative to the group with schizophrenia. Accordingly, it is possible that the differences
observed between the groups may have been due to these factors rather than to
neuropsychological deficits, per se. However, this was not the case as parallel
neurocognitive impairments were observed in a sub-sample drawn from the larger
schizophrenic sample and matched on age and IQ to a sub-sample from the normal
controls.

As most of the dependent variables in this study were not normally distributed and
transformations did not help to normalize them, non-parametric analyses were necessary.
As such, it was impossible to control for the potentially confounding effect of age and IQ.
However, where the dependent variables were normally distributed age and IQ were
entered as covariates and statistically significant differences remained. Moreover, the
group with schizophrenia exhibited large neuropsychological deficits such that it would
override any impairment due to increasing age or lower intelligence scores. This is
evident by examining the magnitude of differences between the groups. These
conclusions are supported by the fact that parallel neurocognitive impairments were
observed in the schizophrenia sub-sample that was matched on age and IQ with a sub
sample of controls.

The small sample size necessitates that the results of the principal components analysis
be interpreted very cautiously. Similarly, the potential instability of the factor solutions
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also means results should be interpreted with caution. An indication of the stability of the
current factor solution would be provided by a replication of this study with another
schizophrenic population.

This study did not elicit details of illicit drug and alcohol use, such as drug type, history
of use, quantity or date of last ingestion, or other such information. Given the high levels
of substance use and high incidence of comorbid substance use disorders among
individuals with schizophrenia (Fowler et al., 1998; Jablensky et al., 2000) and the
potential for such substance use to affect executive functioning, information about
substance use should be elicited in future research as it may provide additional
information about executive functioning in schizophrenia.

269

20 Synopsis of Thesis and Overall Conclusions
The term ‘executive functioning’ encapsulates a wide variety of skills and has largely
remained a gross ‘black box’ concept within the literature. To continue to use this term in
schizophrenia research may be deleterious as it is a broad conceptualization which
overlooks the subtle, differential and selective impact of the disease process of
schizophrenia on cognitive functioning.

This study is consistent with the large body of literature which reports neurocognitive
impairment in schizophrenia (Heaton et al., 2001; Mohamed, Paulsen, O'Leary, Arndt, &
Andreasen, 1999; Mortimer, 1997). The clinical group in this study, including the sub
group who were matched on age and IQ, exhibited impaired performance on 53 of 57
neuropsychological measures of executive functioning compared to normal controls.
Statistically inferior performance was exhibited on all Stroop and Wisconsin Card
Sorting Test (WCST) indices. Verbal learning, as measured by the California Verbal
Learning Test (CVLT), was impaired; the pattern of performance suggesting that deep
encoding in particular may have been deficient relative to controls (Lezak, 1995; Lyons
et al., 1995). Performance on the Tower of London Test and on all Go No-Go indices,
including the number of false alarms was also impaired relative to controls. On the Ruff
Figural Fluency Test (RFFT), fewer unique designs were produced and patterns were
repeated more often than in the normal control group. The groups rotated similar
numbers of designs on the RFFT. The group with schizophrenia produced significantly
fewer scoreable words on the Controlled Oral Word Association Test (COWAT). They
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also exhibited significantly longer solution and response latencies on all timed tests,
including Trails A and B which is consistent with the literature reporting extended
latencies in schizophrenia patients (Carlin et al., 2000).

The neurocognitive performance by the group with schizophrenia is consistent with
frontal lobe impairment. Concomitantly, test results indicate that relative to controls, the
clinical group had difficulty conceptualizing or comprehending task requirements. Tasks
were approached in a rigid manner; they were less able to abstract information or
generate and follow sequences. In addition, the ability to shift sets or sequences was
impaired. Their ability to employ flexible, creative or strategic approaches to tasks was
deficient. Conceptual understanding was impaired, as was volitional inhibitory control.
Speed and agility were also poor. They were prone to distractibility and were less able to
sustain attention. Forward planning was deficient and they were less able to realize end
goals. In essence, the group with schizophrenia was impaired on a range of executive
functioning abilities. As a consequence they may be less able to adapt to altering
environments, or have difficulty coordinating processes involved in task completion.

This study has delineated and refined the concept of executive functioning in both a
sample with schizophrenia and a normal control group by elucidating the underlying
dimensions. Specifically, four separable, distinct factors, representative of executive
abilities were identified in each group. Inhibition and Conceptual-Planning factors were
identified in both groups. In the control group a Productivity-Strategy construct was
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identified which was similar to the Productivity construct which emerged in the clinical
group. A Cluster factor unique to the group with schizophrenia was also revealed.

These factors parallel the five underlying factors of executive functioning documented in
the Levin et al. study (H. S. Levin et al., 1996) in a sample of children with documented
head-injuries. Congruence was observed in terms of similarity of the individual factors,
the loadings of the particular variables and the amount of variance extracted. The factor
structure of the group with schizophrenia was particularly similar. Again, Inhibition,
Planning and Conceptual factors were replicated in all populations and as such these
appear to be robust, dissociable aspects of executive functioning. Clustering factors were
produced in the Levin et al. study and in the group with schizophrenia in this research.
The only factor not replicated was Schema, but this study did not employ identical
variables to those loading on this factor in the Levin et al. (1996) study.

Methodological differences between the studies may have accounted for some of the
observed differences between the structures, such as different variables being available
for analysis and different tests being employed. In addition, different populations with
diversity in clinical profiles and neuropathology were analysed. This may have also
contributed to the differences in factor structure. The samples were also from different
age groups and the literature on maturation of the frontal lobes (Crown, 1996; Wood &
Pantelis, 2001) suggests that this may also account for some divergence.
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While this study did not manipulate the task parameters themselves, the way that
variables shifted between the factors when new variables were added to the analysis was
postulated to provide a conceptualization of the cognitive processes occurring within this
clinical sample. The chief distinction between the factor structures identified in each
group was that certain Tower of London (TOL) indices moved between the factors in the
group with schizophrenia relative to the control group. Moreover, the way the variables
switched between the factors suggested that two concurrent processes may have been
occurring within the clinical group.

On the one hand, significantly poorer performance was observed in the clinical group in
the ability to manage the conflict between prepotent and correct responses within the
TOL and Go No-Go paradigms. Prepotent responses are incorrect responses that require
active intervention, or suppression to prevent them from occurring (Roberts &
Pennington, 1996). At the same time, slow and apathetic performance was observed, as
measured by several response latencies. Taken together, the results suggested that the
group with schizophrenia were having difficulty with volitional behaviour.

The dissociability of executive functioning together with the volitional deficits postulated
by this study have implications for treatment and rehabilitation centers and programs.
That is, this study highlights the importance of clearly measuring executive impairment
in an attempt to recognise patterns of deficit. This should lead to greater
individualisation of treatment plans and more specific outcome evaluations. Attempts to
ameliorate or treat executive dysfunctions as a unitary deficit across all schizophrenia

273

patients may be frustrating and unproductive. Follow-up and longitudinal studies may
provide information about the permanence or otherwise of these difficulties. Regardless,
these findings suggest that rehabilitation programs may need to be designed and
undertaken to take account of disinhibition resulting from a reduced ability to stop
prepotent responses from occurring. Further, the presence of apathy suggests that
programs/treatment may need to be delivered in a slow, measured manner so as to not
overwhelm the potentially limited capacity of those with schizophrenia. Moreover,
programs may need to be presented in environments with minimal distraction so as to
maximize potential uptake of material. At the very least, the aberrant working memory
functioning suggested by this study highlights the difficulty that people with
schizophrenia may experience in daily life—possibly swinging from apathy to
disinhibition due to inadequate resources, or indeed, inadequate control over resources.
This has very real implications for treatment regimes.

These result can be explained by and extends the interactive theory of prefrontal
cognitive processes (Roberts & Pennington, 1996). This theory posits that tasks mediated
by the frontal lobes are achieved through a dynamic interactive process between available
working memory resources and alternative competing actions. This model predicts that
failures in working memory will result in inhibition problems (Roberts & Pennington,
1996) of the kind observed in this study. However, in this sample with schizophrenia the
observed volitional deficits seemed to result in disinhibited behaviour, albeit very slow,
and apathetic performance.
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The switching of the variables between the factors was postulated as suggesting that
some sort of online fluid resource allocation may have been occurring. This is significant
because to date, the nature and extent of working memory impairment in schizophrenia
has been unclear. Specifically, an exchange, or trade-off, was interpreted to occur
between anergia/apathy and disinhibition. When creativity measures were added to the
analysis the factors revealed a separable rigidity factor and Tower of London pick-up
time moved to the inhibition factor. This suggested difficulty with impulsivity and/or
disinhibition within this clinical group. Conversely, when filtering measures were added
to the analyses a distinct planning factor emerged, made up solely of the Tower of
London pick-up time. However, given the highly ineffective planning exhibited, as
reflected by long response latencies, difficulty solving the TOL problems generally and
the high number of moves required for solution in large proportions of the clinical group
(see Figure 9, Figure 10, and Figure 11) it suggested apathetic performance and it was
postulated that the planning factor actually captured apathetic, lethargic functioning. In
summary, the group with schizophrenia demonstrated volitional deficits which it is
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hypothesized may manifest differentially as a function of task demands. This hypothesis
could be tested by actually manipulating filtering and creativity demands within a task
and examining resultant performance.

Two of the Tower of London measures appeared to capture the impairment in volitional
behaviour. In particular, TOL pick-up time, appeared to capture and reflect the dual
process postulated to be occurring. When filtering measures were added to the analysis
the TOL measure appeared to reflect an index of apathy. When creativity measures were
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added it switched to the inhibition factor and was postulated to reflect impulsivity. That
TOL pick-up time shifted around makes conceptual sense because this measure reflects a
balance between deliberation/planning and inhibition and as such provides an index of
inhibition (H. S. Levin et al., 1996). Moreover, managing impulsivity optimizes
performance on the TOL (Mitchell & Poston, 2001). As noted above, it would seem that
prepotent responses were not inhibited in the group with schizophrenia and beads were
moved in an ad hoc way until solutions were reached. Hence, TOL pick-up time seems
to capture apathy and disinhibition. Tower of London minimum moves, appears to
further capture impulsivity as evidenced by its consistent negative loading on the
inhibition factor and the extemporized way beads were moved to attain solution.

While the TOL has been reported as having measurement characteristics distinct from
other executive functioning tests, to date, no study has reported that it captures unique,
discrete aspects of functioning in schizophrenia; namely volitional deficits. Accordingly,
this finding provides support for and extends the assertion by Levin et al., (1996) that
TOL is sensitive to distinct characteristics of executive functioning abilities. Levin’s
study reported percentage of problems solved within three trials and number of broken
rules as representative of the ability to plan, and the number of problems solved on Trial
1 was reported as capturing the ability to hold a mental representation of the task at hand
(Levin et al., 1996). Accordingly, the current study provides further support for the
specificity of the various indices of the TOL.
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These findings present a model of functioning in schizophrenia which extends the
literature by providing evidence of deviant executive functioning in the absence of an
increase in task demand. This finding may go some way to explaining the heterogeneity
characteristic of functioning in schizophrenia. It would seem that the ability to translate
willed intention into purposive action in schizophrenia is further complicated by the
previously unreported (to the best of the author’s knowledge) deviant functioning of an
already impaired system. Accordingly, this research substantiates and elucidates a
working memory system limited in three distinct ways. That is, the system itself is of a
limited capacity. This capacity is further reduced by schizophrenic disease processes and
most notably, a further unique disintegration appears such that some sort of switching
occurs, in the absence of increased demands.

The stability of the control group solution was supported when the factor structure
remained essentially the same as the original structure when variables representing
creativity and filtering were added to the analysis. The six-factor solution contained two
new constructs—Clustering and Attention. The four factors to remain the same were—
Productivity-Strategy, Inhibition, Planning, and Conceptualization. Again, the only
factor not replicated from the Levin et al. (1996) study was schema and the
methodological differences and developmental issues already noted may account for this.

This study did not reveal any consistent relationships between symptom subtypes of
schizophrenia and cognitive impairment. Correlation analysis between summary scores
from the PANSS (Kay et al., 1987) and the neuropsychologically derived factor scores
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revealed mixed results. Some significant relationships were found—specifically, general
symptoms correlated with the Conceputal-Cluster factor and a trend was observed with a
Creativity-Rigidity factor. Equally, negative symptoms were found to correlate with the
Inhibition factor and trends were observed with Productivity-Strategy factors. However,
the results are equivocal as they were not replicated on all the data sets analysed and
these relationships would not have remained significant if there has been an adjustment
for the number of correlations performed.

The two-syndrome model of positive and negative symptoms has been criticised as an
inadequate representation of the range of psychotic symptoms. Accordingly, the tenuous
nature of the positive/negative dichotomy may have may have contributed to the lack of
consistent findings in the current study. Numerous studies have suggested that a higher
dimensional model of psychotic symptoms is a better representation (e.g. Bilder et al.,
1985; Grube, 1997; Lancon et al., 2000; Liddle & Barnes, 1990; Lindenmayer, 1995;
Peralta et al., 1992; Sarai & Matsunaga, 1993). Consequently, this study employed a
five-factor model of schizophrenic symptoms, namely—positive and negative syndromes
together with a depression/anxiety component, an excitement factor and a cognitive
factor— as reported in the literature (e.g. He & Zhang, 2000; Lindenmayer, 1995).

As occurred with the two-dimensional model of schizophrenic symptoms the findings of
the higher dimensional model were also inconsistent. A number of correlations were
found between depressive symptoms and the Conceptualisation-Cluster factor. However,
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the relationships were not observed on all data sets and these results are therefore
considered spurious. This again reflects the lack of consistent findings in the literature.

The lack of consistent findings may also be due to the models of schizophrenic symptoms
employed during analysis. Specifically, there is support in the literature for three
symptom items, namely—negative, positive and disorganized. Recently Cameron and
colleagues (2002) utilized this three dimensional model in a study which investigated the
relationship between this and working memory indices. They reported several significant
correlations between severity of disorganised symptoms, severity of negative symptoms
and various working memory measures. It was concluded that the three symptom
dimensions of the PANSS represented discrete clusters which were associated with
unique patters of dysfunction in working memory. Thus, the nature of any relationships,
if they exist, remains unclear.

The small sample size of the current study may have contributed to the lack of consistent
findings. Further, the use of factor scores representing cognitive constructs in the
correlation analysis rather than specific test variables may also be a contributing factor
for the lack of findings. Alternatively, the equivocal results may merely reflect the
inherent conceptual difficulty of elucidating valid and discrete symptom subtypes.
Moreover, the substantial variation in the level and pattern of neuropsychological
functioning within schizophrenia may also contribute. This is especially pertinent given
the results of the current study. That is, the aberrant on-line switching of an already
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impaired and limited working memory system without an associated increase in task
demand.

A replication of this study would provide evidence of the robustness of the executive
functioning factors identified. Moreover, comparative studies with different clinical
populations should be conducted. Not only would this elucidate the robustness of
executive functioning factors it may also provide useful information about functioning of
systems already impaired by disease or injury processes. Future research should also
experimentally manipulate task demands during neurocognitive test performance in
another cohort with schizophrenia in order to determine if the aberrant functioning
suggested by this study is occurring and what impact this has on executive abilities and
skills. For example, systematically varying creativity and filtering demands to test
whether this would elicit disinhibited or apathetic performance, respectively. Similarly,
research could focus on determining if aberrant functioning is due to impairments in the
ability to inhibit prepotent responses, or deficits in the ability to generate correct
responses, or if there are simply not enough working memory resources available,
resulting in reduced activation at any given moment.

Despite the limitations of this study, the impaired neuropsychological performance
exhibited by this group of people with schizophrenia provides further evidence of frontal
lobe dysfunction in this disorder. In addition, this study has identified and dissociated
discrete dimensions of executive functioning in both a clinical sample and a normal
control sample. This has contributed to the literature by fractionating and elucidating the
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nature of the black box concept of executive functioning. Additionally, it provides
validation for the factors identified by Levin and colleagues (1996) in a sample of
children with documented head injury. Moreover, the factors identified in this study
suggest that the group with schizophrenia were experiencing volitional deficits such that
the ability to make and carry out conscious decisions may have been impaired and
additionally, that some sort of aberrant functioning may have been occurring. That is, the
switching of the variables between the factors suggested that some kind of on-line, fluid
resource allocation might be happening. This may explain the heterogeneity in this
severe disorder. This study also demonstrated how executive functioning tests are
sensitive to discrete abilities. In particular, the Tower of London was found to capture
unique aspects of functioning in schizophrenia, providing measures of apathy and
disinhibition.
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University of Wollongong
Human Research Ethics Committee
CONSENT FORM
Schizophrenia Group
Research Project: Cognitive Deficits in Schizophrenia
Researchers:- Sue Leicester, Allison Fox
This research is being conducted as part of a Doctor of Philosophy (Clinical) degree
supervised by Allison Fox in the department of Psychology at the University of
Wollongong.
The experiment examines how people solve different complex tasks. These tasks will
look at problem solving, planning, memory, attention and concentration. The process
will last approximately two hours.
You should understand that you may receive no personal benefit from the study.
However, the data may be used by the clinical staff at Lakeview House to design a
suitable treatment program for you. The results of the study may help define the specific
types of problems people with schizophrenia have. This, in turn, may help develop future
rehabilitation programs.
The study is not related to your program at the hospital and your decision regarding
participation will not influence your treatment at the center. You are free to withdraw
from the research at any time without penalty.
If you have any enquiries regarding the conduct of the research, please contact Allison
Fox (02) 42214495 in the first instance or the Secretary of the University of Wollongong
Human Research Ethics Committee on (02) 42214457.
The data collected during the study may be written up for publication in scientific
journals and for a report submitted to the University, although your individual data will
not be identifiable in these reports. Your signature below acknowledges your consent for
the data to be used in this manner.
Lakeview House has requested that we make the results available for entry into a
database which would be accessible by authorized clinical personnel. This data may by
the clinical staff to help design suitable treatment for you. Please sign below if you agree
to have the data made available in this manner.
By signing below I agree to take part in this research.

.............................................

Date ..............
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If you would like your results made available to Lake view House, please sign below..

................................................

Date ................................................

By signing below I give permission to access my hospital records to obtain information
such as age, diagnosis, education and medication status.

Date
Please contact the researchers at the end of the project (approximately Dec. 2000) if you
would like to know the group results. Individual data will not be available.
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University of Wollongong
Human Research Ethics Committee
CONSENT FORM
Control Group
Research Project: Cognitive Deficits in Schizophrenia
Researchers:- Sue Leicester, Allison Fox
This research is being conducted as part of a Doctor of Philosophy (Clinical) degree
supervised by Allison Fox in the department of Psychology at the University of
Wollongong.
The experiment examines how people solve different complex tasks. These tasks will
look at problem solving, planning, memory, attention and concentration. The process
will last approximately two hours.
You should understand that you may receive no personal benefit from the study. You are
free to withdraw from the research at any time without penalty.
If you have any enquiries regarding the conduct of the research, please contact Allison
Fox (02) 42214495 in the first instance or the Secretary of the University of Wollongong
Human Research Ethics Committee on (02) 42214457.
The data collected during the study may be written up for publication in scientific
journals and for a report submitted to the University, although your individual data will
not be identifiable in these reports. Your signature below acknowledges your consent for
the data to be used in this manner.
By signing below I agree to take part in this research.

................................................

Date ..............

321

23 Appendix 2- Information for Participants

322

Information for Participants
Schizophrenia Group
Aims and significance
Many people with schizophrenia experience problems with certain types of tasks, such as
problem solving, planning, memory, attention and concentration. The present study will
examine some of these deficits. The results may help define the specific types of
problems people with schizophrenia have. This, in turn, may help develop future
rehabilitation programs for people with schizophrenia.
Procedure
You will complete a series of problem solving tasks. This should take approximately 2
hours.
You are free to withdraw from the study at any time without penalty.
This research project is not related to your program at the center. Your treatment will not
be influenced by your decision.
With your permission the researchers will access your hospital records to obtain
information regarding your age, education, diagnosis, medication status and medical
records number. The information will be used to describe the group participating in the
study. For example, age and education of all participants will be averaged to give an idea
of the group as a whole. With your permission the results and your medical records
number will be given to Lakeview House, in this way your identity will be protected.
The data collected during the study may be written up for publication in scientific
journals and for a report submitted to the University. Your individual data will not be
identifiable in these reports.
Lakeview House has requested that we make the results available for entry into a
database which would be accessible by authorized clinical personnel. This data may by
the clinical staff to help design suitable treatment for you.
If you have any enquiries regarding the conduct of the research, please contact Allison
Fox (02) 42214495 in the first instance or the Secretary of the University of Wollongong
Human Research Ethics Committee on (02) 42214457.
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Information for Participants
Control Group
Aims and significance
Executive functioning includes abilities such as sequencing, concept formation, cognitive
set maintenance, and set shifting. Many groups of people, such as those with
schizophrenia and attention deficit disorder experience problems with certain types of
“executive tasks”, such as problem solving, planning, memory, attention and
concentration. The present study will examine some of these abilities and the results may
help define more clearly executive functioning in a control (normal population). These
results will then be compared to those from a group of people with schizophrenia. This
will help define the specific types of problems people with schizophrenia have. This, in
turn, may help develop future rehabilitation programs for people with schizophrenia.
Procedure
You will complete a series of problem solving tasks. This should take approximately 2
hours.
You are free to withdraw from the study at any time without penalty.
The data collected during the study may be written up for publication in scientific
journals and for a report submitted to the University. Your individual data will not be
identifiable in these reports.
If you have any enquiries regarding the conduct of the research, please contact Allison
Fox (02) 42214495 in the first instance or the Secretary of the University of Wollongong
Human Research Ethics Committee on (02) 42214457.
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25 Appendix 41 - (Burner eta i.,2001) Effect of executive
functioning on perceived needs in chronic
schizophrenia

1 *This publication arose indirectly from this thesis using data derived in part from this
study and the same sample of people with schizophrenia. Its relevance to this study is in
terms of the impact of impaired executive functioning skills on needs and daily living.
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Effect of executive functioning on perceived
needs in chronic schizophrenia
JANE BUHLER,1
LINDSAY G OADES,1,2
SUSAN J LEICESTER,1,2
CARMEN J BENSLEY1,2 AND
ALLISON M FOX2 3

INTRODUCTION:
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RESULTS:
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INTRODUCTION
here is increasing recognition that people with
severe mental illness have a complex mixture of
clinical and social needs, and that regular, comprehen
sive and systematic assessment of those needs is integral
to the development, monitoring and evaluation of
accountable psychiatric services.1 It has been suggested
that decisions about treatment should be based on
assessment of patients' needs, rather than on diagnosis,1,2
and that basing treatment on such assessments may lead to
improved outcomes, including adherence to treatment,
engagement with services, and resource use.1

T

Whereas need was previously conceptualized as “a
normative concept which is to be defined by experts”,3 a
more recent view is that needs are “socially negotiated”;4
while patients and staff may assess patients’ needs
differently, informed by their differing values, a combina
tion of both perspectives should produce a comprehensive
and balanced consideration of patients’ needs. However,
while it is argued that patients with psychotic illnesses may
make a valid contribution to the process of negotiating
needs,4 there is little evidence as to the impact of psvehosis
on patients' self-assessment of their needs. Patients with
psychotic illnesses have been found to underrate their need
lor help with psychotic symptoms;4 patients with poorer
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insight into their illness have been found to underestimate
their needs for help with alcohol misuse and social
contact;’ and patients with more negative symptoms have
been found to underestimate psychosocial needs in
general/’ The present study examines the impact of
neuropsychological impairment, which is a reliable finding
in schizophrenia,7 on patients’ self-assessment of needs.
Since it has been proposed that deficits in executive
functioning - planning, organizing, volition, and goaldirected behaviour8 - underlie the neuropsychological
deficits reliably observed in schizophrenia,9 the effect of
executive functioning on patients’ self-assessment of needs
and staffs assessment of patients’ needs was ,specifically
examined.
Three hypotheses were derived from the literature.
First, lower executive functioning will be associated with
more needs, both met and unmet.10 Second, since patients
with impaired executive functioning may tend to under
estimate their psychosocial needs,11 lower executive
functioning will be associated with greater discrepancy
between staff and client ratings of needs. Thirdly, the level
of executive functioning may be differentially associated
with different types of needs, with some groups of needs
associated with higher, and others with lower, functionrng.1-

METHOD
Data were collected as part of regular clinical practice at a
regional Australian psychiatric rehabilitation unit for
patients diagnosed with chronic schizophrenia.
The following data were collected for 26 patients:
1. The Camberwell Assessment of Need Short Appraisal
Schedule (CANSAS).11 This instrument assesses client
needs by means of structured interviews with both the
patient and a staff member responsible for the patient's
care. Needs over the past month are rated across 22
areas of functioning. Needs are rated as "no need'’, "met
need" or "unmet need": a fourth categorv ("not known")
was treated for the purposes of analysis as "no need",
following Slade ct al (1996)A
2. The Wisconsin Card Sorting Test (WCST). The WCST
was developed to assess abstract reasoning and cognitive
flexibility,13 and has been extensively used in research
on executive functioning in schizophrenia.' ” A variety
of scores can be derived from the WCST; Total Errors
and Categories Completed were used in analysis, as the
most normally distributed scores in this sample.

RESULTS
The 26 patients consisted of 21 men and five women. Their
age ranged from 16 to 46 vears. with a mean age of )4.
Thirteen were inpatients and 1 >outpatients. Ail had a tluncal

DSM-IV diagnosis of schizophrenia. Time since diagnosis
ranged from 2 - 2 9 years, with a mean time of 12 years.
Patients reported a mean of 5.46 met needs, 4.30 unmet
needs, and a total needs rating of 9.76. Staff reported a
mean of 3.26 met needs, 4.80 unmet needs, and total needs
rating of 8.76. There was a significant correlation (r=0.66,
P<0.01) between total needs ratings by patients and by
staff. Staff and patient ratings for each item were
crosstabulated: this showed a highly significant association
(phi and Cramer’s V, P< 0.001) between the pattern of staff
and patient ratings for each item, apart from item 12 (need
for help with alcohol misuse), which still showed a
significant association (P < 0.045).
There was a significant positive association between
higher executive functioning and the number of met needs
(r=0.408, P < 0.05) and total needs (r=0.417, P<0.05).
WCST Categories Completed scores ranged from 0 to 6,
with a mean of 2.53 and a standard deviation of 2.23. Total
Errors ranged, from 6 to 91, with a mean of 53.69, and a
standard deviation of 24.92.
Patients were divided into high and low executive
functioning groups via a median split. Mean discrepancies
between staff and patients’ ratings were compared across
the high and low executive functioning groups. Results
showed no effect of executive functioning on the
discrepancy between patients’ and staff ratings.
The effect of executive functioning within groups of
needs was tested by multivariate analysis. Needs were
grouped into five subdomains, following Slade et al (1998):
Health, Basic, Social, Services, and Functioning.1 Patients
with higher executive functioning rated their needs
significantly higher in the areas of health, functioning,
services, and social needs; their needs were more highly
rated by staff in the areas of health and sendees (Wilks'
lambda=0.256, F(10,13)=3.785, P<0.014).

DISCUSSION
In summary, higher executive functioning was associated with a higher total need rating (both met and unmet needs',
more met needs, and with more needs in some but not all
areas. Lower executive functioning was not associated with
more discrepancy between self-rated and staff-rated needs.
Higher executive functioning was associated with more
self-reported met needs, and a higher level of self-reported
total (met and unmet) need. Better executive functioning
may assist patients to get their needs met in a varietx of
wavs, as a consequence of increased volition, planning,
organization, and goal-directed behaviour, and mav also be
associated with more awareness ol one's needs. More needs
mav be experienced as a consequence of better functioning.
Higher executive lunclioning w'as associated with
higher self-rated needs in the areas of health, functioning,
menaces and social needs, and higher staff-rated needs in
health anti sen-ices. Better executive functioning mav he
a^ociatcd with a better ahilitx to communicate one’s need''.
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ns well ns with increased needs in certnin nrens, or with
increased nwnreness of one's needs. Stnfi have noted
incrensed needs nssocinted with higher executive function
ing in nrens (health nnd services) with well-defined service
responses, wherens pntients’ ratings also reflect an associa
tion between higher executive functioning and social needs
(needs lor company, intimate relationships and sexual
expression), which lack a specific service response. This
reflects the observation that staff may tend to focus more
on needs for which there is a definable response.5
Groupings of needs were based on a p r i o r i subdomains,1
not on empirically-derived clusters of needs; examining the
relationship between executive functioning and empiri
cally-derived clusters of needs may further illuminate the
effect of executive functioning on needs. These results also
support the view of need as a complex variable, and not
simply an index of functioning.12 These results underline
the importance of viewing needs ratings in the light of
neuropsychological functioning, thus supporting the prac
tice of incorporating neuropsychological assessment into
rehabilitation planning.14
No relationship was found between the level of
executive functioning and the level of discrepancy between
staff and patients' ratings of needs. This suggests that
patients with psychotic illnesses and lower executive
functioning can validly estimate their needs, and thus
supports the practice of consulting patients on their needs.
However, it should be noted that CANSAS patients’ needs
assessments are rated by staff - in this case the same staff
members who produced the staff needs ratings - raising
the possibility of patients' ratings being affected by staff
views, so these results must be viewed with caution. The
strong association between staff and patients’ ratings for all
items supports the possibility that patients’ views may not
have been fully represented in ratings.
Ways of addressing this difficulty would be to have
different staff members rating staff and patients' needs, or
training patients where possible to rate their own needs via
a computerized or pencil-and-paper questionnaire. This
latter option would be particularly appropriate with a
chronic population, in settings where regular needs
assessments may be undertaken as part of the process of
monitoring progress and planning rehabilitation.
These results underline the importance of adequate staff
training in CANSAS administration, regular communica
tion with staff and monitoring of results, to ensure that data
are valid and comprehensive.
In this context, it should be pointed out that
examination of the raw data showed a majority of “not
known” ratings (15/27: 6/6 client and 9/21 staff ratings)
clustered around only two CANSAS items (15 and 16:
intimate relationships and sexual expression). A similar
pattern has been noted in a previous study.1 It is also of
interest that a similar study omitted several items,
including item 16, though the reason for this decision
was not stated." While the reason lor the high number of
“not known” ratings for these items is unclear, it is a matter
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i)l concern that stall may not be raising these issues lor
discussion with patients in all cases, thus possible missing
signilieant inlormation about an important aspect.of their
patients' lives and potential needs.
It is notable that the weakest (though still significant)
association between stalls' and patients' views was in the
area ol alcohol misuse; an association has previously been
observed between poor insight and underestimation of this
need relative to staff estimates.''
Accountable mental health services are obliged to
consult the consumers ol those services on their views
about their illnesses, their treatment, and their lives, and to
incorporate those views into the treatment approach in a
meaningtul way. Needs assessment is a central aspect of
this process. The present stud}’ supports the abilitv of
patients with psychotic illnesses and impaired executive
functioning to validly assess their own needs. Care must be
taken, however, when using an instrument such as the
CANSAS, to ensure that patients' views are fully repre
sented. and not subsumed by those of the staff who are
rating the patients’ views. The present study also supports
the practice of needs assessment, by making it clear that
need is a complex variable, and not simply an index of
functioning, and stresses the importance of viewing needs
ratings and rehabilitation status in the light of neuropsy
chological functioning.
A major limitation of this study was the fact that
patients' and staff needs ratings were made bv the same
staff member, entailing possible loss of information. Results
must therefore be viewed with caution. The small sample
size is a further limitation. The study examined onlv one
aspect of neuropsychological functioning, viz. executive
functioning; future studies should examine the effect of
other aspects of this complex process, and also factors such
as general ability, on needs assessment. Examination of the
differential impact of these factors on empiricallv-supported clusters of needs may further illuminate the areas of
functioning and needs assessment.

KEY POINTS
• Executive functioning did not affect patients’
ability to validly estimate their needs
• Better executive functioning was associated with
more met needs and more expressed total needs
• Executive functioning was differentially associated
with needs ratings; higher executive functioning
was associated with more expressed needs in some
but not all areas
• Need should be understood as a complex variable,
and not simply an index of functioning
• Care should be taken to ensure that patients' views
are fully expressed, and not subsumed by those of
staff raters.
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